Chairman: WALTER W. Pills M. 
Bard Professor Emeritus of Medicine 
COLUMBIA COLLEGE OF PHYSICIANR: AND SURGEONS, 


Prefésiiy 
CORNELL UNIVERSITY | MEDICAL COLLEGE 
NEW ‘YORE 


ARTHUR E. M.D. 
Professor of Medicine, School.of Medicine 
STANFORD UNIVERSITY, SAN FRANCISCO 


JosepH T. Wearn, MLD. 
Professor of Medicine, School of Medwaine 
WESTERN RESERVE UNIVERSITY, GLEVELAND 


ASSOCIATE EDITORS 


HERRMAN L. BLUMGART, M.D... Boston 
Harry GoLp, M, D., New York 

A. McGeHEE Harvey, M_D., Baltimore 
Greorce H. Hovex; M.D., San Francisco 
CHeEsTER S. Kzerer; M.D., Boston 

T. Grr M.D., Philadelphia 
WaLTER L. PALMER, MD., Chicago 
Oswatp H. RoperTson, M.D., Chaicage 


The American Journal’ if 

NOT. Yearly Subscription, As $14.00 and Lain 
$2.00; Special 
june 28, 1946, at Te 

Yorke Publishing Co ; 


J lal ediciné./ 
ae ALEXANDER B. UUTMAN, M. D, 
.EGE OF PHYSICIANS AND: SURG! 
DIRECTOR, RESEARCH SERVICE, COLU GEONS, NEW YORK 
ew york 
| G. BLAKE, M.D; 
terling Professor of Medicine 
UNIVERSITY SCHOOL OF MEDIGINE 
UGEN — 
rofessor of Medicine, School of Medicine - 
DU UNIVERSITY, DURHAM 3 : 
: 
HRAiM SHoRR, M.D., Naw York 
GzorGe W. T 
. Tuorn, M.D., Boston... 
« LILLETT New Tok 
Roy H, Tu M 
RNER, M.D.” Wew Orleans. 
Ri 
Russet, M. Wiwper, M-D., Rochester 
M. M. Winrrose, M.D., Salt Lake Gitp 
W. Barry Woon, M.D., SE 
OS 
» 
49 West 45th Street, Naw York 19, ae 
$i 5.00 Fortign. Single N; 
st Office, New York, N. 
1, No. 6. Coppright. 1949, by: The 


Particularly in obstetrics, the power of DEMEROL hydro- 
chloride to allay pain, usually without depressing respiration 

or endangering mother or child, is of the highest order 

of significance. DEMEROL hydrochloride is a specific for pain. 


Average adult dose: 100 mg. 


Ampuls of 2 cc. (100 mg.); vials of 30 cc. (50 mg./cc.); 
tablets of 50 mg. and 100 mg. 


DEMEROL 


HYDROCHLORIDE 


WARNING: May be habit forming. Narcotic blank required. 


New York 13, N. Y. Winosor, ONT. 


Demerol, trademark reg. U. S. & Canada, brand of meperidine (isonipecaine) hydrochloride. 
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In the management of arterial hyperten- 
sion cultivation of sensible habits of living 
—avoiding unnecessary emotional stress— 
plays an essential role and aids consider- 
ably in the stabilization of pressure on a 
lower level. 


For supplementary medication Theominal, 
the vasodilator, antispasmodic and seda- 
tive, is well suited. Theominal exerts a gen- 
eral tranquilizing effect and thus helps to 


HYPERTENSION 


control temperamental outbursts that may 
induce dangerous vascular crises. 


The average dose is 1 Theominal tablet 
two or three times daily. With improvement 
the dose may be reduced or omitted peri- 
odically. Each tablet contains 5 grains 
theobromine and grain Luminal.” 
Winthrop-Stearns Inc. 

New York 13, N. Y. 

Windsor, Ont. 


THEOMINAL 


Theominal, trademark reg. U. S. & Canada * Luminal, trademark reg. U. S. & Canada, brand of phenobarbital 
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Modification of the Effects of Immobilization upon Metabolic and Physiologic Func- 
tions of Normal Men by the Use of an Oscillating Bed 
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A model study of the ameliorating influence of the ingeniously contrived oscillating bed upon the 
metabolic and physiologic effects of prolonged immobilization. Data on nitrogen, calcium, phos- 
phorus, total sulfur, sodium and potassium balances, together with other measurements of interest 
carried out under rigidly controlled conditions, are given in detail. The results indicate that the 
oscillating bed may be useful in the management of disorders involving protracted immobilization. 


Effect of Vomiting Due to Intestinal Obstruction on the Serum Potassium. Chemical 

and Electrocardiographic Observations in Fifteen Cases—Preliminary Report 
SAMUEL BELLET, CARL S. NADLER, PETER C. GAZES AND MARY LANNING 712 

Loss of potassium in protracted vomiting or suction of gastric contents may cause hypopotassemia 


sufficient to produce electrocardiographic changes and skeletal muscle weakness responding to 
cautious administration of potassium salts. 


Hemodynamic Studies in Two Cases of Wolff-Parkinson-White Syndrome with Par- 
oxysmal AV Nodal Tachycardia 
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An elegant study of the hemodynamics of anomalous atrioventricular conduction in the Wolff- 
Parkinson-White syndrome, including results of catheterization technics. 


Studies on Coronary Circulation. V. Quantitative Changes in a Serum Mucoprotein 
Following the Occurrence of Myocardial Infarction 
BENJAMIN SIMKIN, H. C. BERGMAN AND M. PRINZMETAL 734 


A readily measured mucoprotein component of the serum was found to be increased following 
myocardial infarction and the determination appears to be helpful in differentiating from other 


causes of chest pain. 
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accent on | therapeutics! 


vi-syneral therapeutic 


Vi-Syneral Therapeutic supplies in intensive therapeutic dosage not only the vitamins 
usually included in the therapeutic type of preparation, but also liver fractions, 
choline, inositol, folic acid... and eight nutritive minerals... based upon the original 
nutritional concepts of Dr. Casimir Funk... that vitamins should be given 

with minerals because they are functionally interrelated. The physician and 
surgeon, therefore, can anticipate results superior to those obtained 

with less complete formulas. 


each dark colored capsule contains: each light colored capsule contains: 


Vitamin A (natural) 25,000 Units Choline 20 mg. 


Vitamin D (natural) 1,000 Units Inositol 10 mg. 


Ascorbic Acid (C) 150 mg. d-Calcium Pantothenate 15 mg. 


Folic Acid 1.76 mg. Calcium (as0.55 Gm. di-cate. phosphate) | 160 mg. 
Thiamine HCl (B,) 15 mg. Phosphorus 132 mg. 
Niacinamide 150 mg. Iron 15 mg. 

Riboflavin (Bz) 10 mg. Copper 1.5 mg. 
Pyridoxine HCl (Bg) 5 mg. Manganese 1.0 mg. 
Alpha-Tocopherol (E) 10 mg. Magnesium 1.0 mg. 
Liver Fractions* 200 mg. Zinc 1.0 mg. 


*B complex factors derived * 
from 7.5 Gm. of liver Iodine 0.1 mg. 


Suggested dose: One dark and one light colored capsule daily. _ Prescription packages of 
30, 50 and 100 capsules 


Samples, literature from 


u. Ss. vitamin corporation 


casimir funk laboratories, inc. (affiliate) 
250 E. 43rd St., New York 17, N.Y. 
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Acid Reaction . HAROLD L. IsRAEL, MARIE B. WEBSTER AND IRENE E. MAHER 


An orientating study of the value of the determination of serum polysaccharides in disease, with 
comments on the lack of correlation with erythrocyte sedimentation rate. 


What Can We Learn from a Medical History? . . . . . .  .CaARL BINGER 


A must in medical reading. 


Review 
Fluorocardiography (Electrokymography ) 
A. LUISADA AND FELIX G. FLEISCHNER 756 


An authoritative review of the present status of fluorocardiography, its modus operandi and appli- 
cation to normal and abnormal cardiac physiology. 


Seminars on Mechanisms of Congestive Failure 


Dynamics of Congestive Heart Failure . . . . Dickinson W. Ricnarps, JR. 772 


Dr. Richards rounds out the Seminars on Mechanisms of Congestive Failure with this concise 
discussion placing the various points of view in perspective and balance. 


Clinico-pathologic Conference 


Rheumatic Heart Disease with Respiratory Failure. . . . . . . . . . 78! 


Clinico-pathologic Conference (Washington University School of Medicine)—An instructive case 
illustrating some of the differential points to be considered in pulmonary complications of rheu- 


matic fever. 
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eonadotropic 
deficiency 


Deficient pituitary gonadotropin secretion, reflected 
in absent or diminished menstruation, functional uterine 
bleeding, or anovulatory sterility, may be compensated 
for by administration of SYNAPOIDIN. 


SYNAPOIDIN is a highly potent, double-acting prepara- 
tion providing both follicle-stimulating and luteinizing 
factors in synergistic combination of chorionic gonado- 
tropin and anterior pituitary gonadotropin. Treatment 
with SYNAPOIDIN is simple, convenient antl effective, 
for SYNAPOIDIN is now available as a stable, dry 
powder which retains its potency indefinitely. When 
SYNAPOIDIN therapy is initiated, solution for injection 
is prepared by dissolving the dry powder in sterile 
distilled water (furnished in 10 cc. ampoules with the 
SYNAPOIDIN powder ). Kept refrigerated, the prepared 
solution is biologically active for 3 months thereafter. 


SYNAPOIDIN 


SYNAPOIDIN is especially worthy of trial in anovulatory sterility — injected daily 
during the week prior to the calculated time of ovulation. It is also of value in 
amenorrhea, in hypomenorrhea, in oligomenorrhea, and in functional uterine 
bleeding due to pituitary failure. Since gonadal response to stimulation varies 
with the patient, individualization of dosage is desirable for optimal results. 


SYNAPOIDIN is supplied in dry form in a 10-cc. Steri-Vial® containing 150 synergy 
rat units. Each package includes a 10-cc. ampoule of distilled water for conveni- 


ence in making solution. 
AN 


PARKE, DAVIS & COMPANY:-DETROIT 32, MICHIGAN: 
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Low serum potassium levels were noted in a patient with gastric alkalosis following postoperative 
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General Information 


THE AMERICAN JOURNAL OF MEDICINE 
extends an invitation to the profession for 
original releases on clinical investigations, 
clinical reviews, case reports and articles 
designed for postgraduate teaching. 

Articles are accepted for publication with 
the understanding that they are original con- 
tributions never previously published. All 
manuscripts are subject to editorial modifi- 
cation, and upon acceptance become the 
property of THE AMERICAN JOURNAL OF 
MEDICINE. 

THE AMERICAN JOURNAL OF MEDICINE 
does not hold itself responsible for any 
statement made or opinions expressed by 
any contributor in any article published in 
its columns. 


A reasonable number of illustrations are 
supplied free of cost; special arrangements 
must be made with the editor and publishers 
for excess illustrations and elaborate tables. 

Reprints are furnished on order. Prices 
are quoted on the first day of the month 
during which article appears. Individual 
reprints of an article must be obtained 
from the author. 

Material published in THE AMERICAN 
JOURNAL OF MEDICINE is copyrighted and 
may not be reproduced without permission 
of the publishers. 

Change of address must reach us by the 
15th of the month preceding month of issue. 


PREPARATION OF MANUSCRIPTS 


Text. Manuscripts are to be typewritten 
on one side of the paper, with double spac- 
ing and good margins. The original should 
be sent to the editor and a carbon copy 
retained by the author. 


Illustrations. Illustrations must be in the 
form of glossy prints or drawings in black 
ink (never in blue). On the back of each 
illustration the figure number, author’s 
name and an indication of the top of the 
picture should be given. Legends for illus- 
trations are to be typewritten in a single list, 
with numbers corresponding to those on the 
photographs and drawings. Please do not 
attach legends to the pictures themselves. 


Bibliographies. Bibliographic references should 
be at the end of the manuscript and not 
in footnotes. Each reference should include 
the following information in the order in- 
dicated: Name of author with initials; title 
of article; name of periodical; volume, page 
and year. The following may be used as a 
model: 


BancrortT, F. W., STANLEY-BRown, M. and 
Quick, A. J. Postoperative thrombosis 
and embolism. Am. 7. Surg., 26: 648, 
1945. 


The subscription price of THE AMERICAN JOURNAL OF 
MepicinE, is $10.00 per year in advance in the United 
States; $12.00 in Canada and Pan-American countries 
and $15.00 in foreign countries. Current single numbers 
$2.00. All Special Numbers $4.00. Prices for such back 
numbers as are available will be quoted on request. 


Address all correspondence to 


The American Journal of Medicine . 49 West 45th Street - New York 19 
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The first... and still the best! 


THE 


NELSON MEDICINE 


Editor-in-Chief, WALTER W. PALMER, B.S., M.D. 


President, American College of Physicians 
Consultant, Presbyterian Hospital, New York 


Director, Public Health Research Institute, City of New York, Inc. 


THE NELSON MEDICINE was the first loose leaf 
system of medicine to be published. It was begun 
thirty years ago with the then revolutionary idea of 
keeping the busy practitioner abreast of the never- 
ending advances being made in medicine . . . of sup- 
plying him with an unimpeachable reference source, 
kept up to date by the issuance of Renewal Pages, 
easily inserted in the loose leaf binder. 


Since its inception subscribers to THE NELSON 
MEDICINE have received approximately 15,000 Re- 
newal Pages, a staggering amount when thought of in 
terms of single volumes! These pages have covered 
every phase of medicine from diagnosis to therapy. 


Today as thirty years ago THE NELSON MEDI- 
CINE is acclaimed by practitioner and specialist alike 
as the most complete, comprehensive, up to date refer- 
ence work on medicine in existence! A glance at the 
contents of the Renewal Pages sent out in 1948 will 
_ you an immediate idea of the value of this set 

. . of its importance to every practitioner of medi- 
cine. The 240 contributors to THE NELSON MEDI- 
CINE are among the most eminent medical authorities 
in the world. Under the brilliant editorship of Dr. 
Palmer, and his associate editors, THE NELSON 
MEDICINE continues to be the best loose leaf system 
of medicine ever published. 


SUBJECTS COVERED BY 
1948 RENEWAL PAGES 


Erysipelas 

Tularemia 

H. Influenzae Infections 
Common Cold 

Influenza 

Measles 

Primary Atypical Pneumonia 
Dengue 

Phlebotomus Fever 
Chickenpox 

Yellow Fever 

Infectious Hepatitis 
Rubella 

Smallpox & Vaccinia 
Mumps 

Foot-and-Mouth Disease 
Psittacosis 
Lymphopathia Venereum 
Hydrophobia 

Diseases of the Kidney 
Chronic Arthritis 
Multiple Sclerosis 
Méniere's Syndrome 


8 volumes & index 7,777 pages 


1,447 illustrations, 240 contributors 


THOMAS NELSON & SONS 
385 Madison Ave. 
N.Y. 47, N.Y. 


Please send me a set of THE NELSON MEDICINE. Price 


$120.00* $120.00. 


Terms: $15.00 down, $10.00 monthly Please send me at additional charge 1949 Renewal Pages 


when ready. 
ightly higher outside the U.S.A. 
_| Check herewith _| Send invoice 


Encl 15. ( 
——— oe osed $15.00, will pay $10.00 monthly until balance is 


OR USE THIS COUPON NAME . 
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NEW 3rd EDITION 


FUNDAMENTALS OF INTERNAL MEDICINE 


By WALLACE M. YATER, M.D., F.A.C.P., with te Collaboration of 


J.C. Adams 

Garnet W. Ault 
Joseph M. Barker 
Grafton T. Brown 
Edward J. Cummings 
Harold L. Hirsh 
Hugh H. Hussey, Jr. 
Paul F. Jaquet, Jr. 


Francis R. Keating, Jr. 
Norman L. Barr 
Isadore Rodis 

Sanford M. Rosenthal 
Walter O. Teichmann 
Frederick C. Schreiber 
W. H. Sebrell 
Jonathan M. Williams 


In preparing this completely revised and reset edition the authors have retained its character- 
izing features of simplification and conciseness with the elimination of theoretical and redundant 
material. General practitioners and students will profit from the inclusion of practical sections on 
diseases of the skin, ear and eye in addition to concise sections on dietetics, chemotherapy, anti- 
biotic therapy, symptomatic and supportive treatment and inhalation therapy. Numerous and 
excellent illustrations supplement the text material. 


1451 Pages. 315 Illustrations. $12.00 


NEW 2nd EDITION PUBL. OCT. 1948 


ABDOMINAL OPERATIONS 


By Rodney Maingot, F.R.C.S. Eng. with 
Stuart W. Harrington, Lester RK. Dragstedt, 
R. C. Brock, A. J. Cokkinis, H. R. Dew, C. 
E. Dukes, N. C. Tanner and O. V. Lloyd- 


NEW TITLE PUBL. JULY 1948 


DISEASES OF THE EAR, 
NOSE AND THROAT 


By W. Wallace Morrison, M.D. 


A basic text and reference which covers 
the essential anatomy, pathology, symp- 
toms and signs, diagnosis and differential 
diagnosis, prognosis, medical and_ surgical 
treatment. 


790 Pages. 650 Illustrations. $8.50 


Davies 


As reviewed in Postgraduate Medicine: ‘An 
extremely practical and very readable com- 
prehensive study of abdominal surgical condi- 
tions.”’ For general and abdominal surgeons 
and residents. 


1298 Pages. 1051 Illustrations. $16.00 


NEW 5th EDITION 


PUBL. FEB. 1, 1949 


Thomson and Negus 
DISEASES OF THE NOSE AND THROAT 


By the Late Sir St. Clair Thomson, M.D., F.R.C.S. Eng. 
And V. E. Negus, M.S., F.R.C.S., Eng., Corresponding 
Fellow, American Laryngological Association 


A complete and up to date revision of a famous text which covers all aspects of diagnosis and 
treatment, both medical and surgical, of the diseases, injuries and malformations of the nose and 
throat. 

1020 Pages. 369 Figures, 13 Color Plates, 20 Radiographic Plates and 11 Other Plates. 


Publ. Feb. 1, 1949. $16.00 


APPLETON-CENTURY-CROFTS, INC. 
35 West 32nd Street New York 1, N. Y. 


THE 
Herron OF 
ANDREAS VESALIUS 


TRANSLATED By L. R. LIND, PH.D. 


PRESENTED FOR THE FIRST TIME IN 
A COMPLETE ENGLISH TRANSLATION 


You likely have never seen a copy of the EPITOME—now 
you can own one. 


For four centuries this work has remained the basis of mod- 
ern human anatomy, and from it dates the beginnings of all 
modern objective science. Although Vesalius intended the 
EPITOME to be a guide or brief manual, he skillfully com- 
pressed a large amount of scientific knowledge within a limited 
space. In addition to being a descriptive anatomy, the EPITOME 
is also an anatomical atlas, containing thirteen famous woodcuts 
which show bones, muscles, external parts, nerves, veins, and 
arteries. 


In this translation Dr. Lind is faithful to the original Latin, 
yet uses modern technical phraseology more in keeping with the 
language now in use by the medical profession. Anatomical 
notes by Dr. C. W. Asling follow each chapter to make the work 
more valuable to the student of medicine and medical history. 


The book contains 32 pages of introductory material giving 

a concise account of the life and works of Vesalius, 105 pages 

containing the English translation, followed by the complete 

wen. Latin text and all the meticulous wood-cuts as reproduced from 

“gy the original. The present translation makes once more available 
a book of which only twenty copies are now in existence. 


XXXII, 105 pp. Illus., Probably $7.00. 
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Bound in Red Fabricoid, 
1,200 pages, Size 2”x6”x9” 
Price postpaid $12 U.S. A. 
$14 Foreign 


¢ The Composition, Action, Uses, Supply, Dosage, and Cautions 
of 3240 Ethical Drugs of 236 American Pharmaceutical 


At your fingertips manufacturers. 


¢ A Time-Saving Three-Way Index—Alphabetical, Therapeutic 
and by Manufacturers. 


* Kept Up To Date With Four Supplements Yearly. 


MODERN DRUGS 
Drug Publications, Inc. 
49 West 45th St. New York 19,N. Y. 


Enclosed is the sum of twelve dollars ($12 U. S. A.) for which please send me 
postpaid the new Fourth Edition of the MODERN DRUG ENCYCLOPEDIA and 
THERAPEUTIC INDEX and MODERN DRUGS. 


U. S. A. $12 FOREIGN $14 
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in 
the 
management 
of 
simple 
diarrheas 


“TOMECTIN” 


"TOMECTIN” is a combination of nickel 
pectinate and dried fresh tomato pulp, two therapeutic 
agents which have been found of value in the 
management of diarrheas of non-specific origin. 


The detoxifying’”’® and bacteriostatic’ 
properties of nickel pectinate as well as its 
antihemorrhagic effect’ have proved of clinical assistance’ 
in the treatment of various diarrheal conditions 
including bacillary dysentery. Morrison reports’ that with 
dried tomato pulp, diarrhea from simple or non-organic cause 
was usually arrested within 24 hours following treatment. Nickel pectinate 
and dried tomato pulp have been found, in many instances, to bring 
about a favorable response when other antidiarrheal medication had failed.’ 


“Tomectin” will appeal to infants, children and adults because, 
dispersed in water, it forms a mixture having the refreshing 
tartness of tomato juice. From the standpoint of therapeutic 
effectiveness, simplicity of administration and palatability, “Tomectin” will 
prove a valuable antidiarrheal medication. 


“Tomectin,” No. 951, is presented in wide-mouthed bottles each 
containing 50 grams. Each gram contains: 
Nickel pectinate 
Sodium chloride 
Potassium not less than . ; 
together with other factors in wile 


' Malyoth, G.: Klin. Wehnschr. 13:51, 1934. 

2 Bittner, J. E., Jr.: Northwest Med. 35:445 (Dec.) 1936. 

3 Myers, P. B., and Rouse ,A.H: Am. J. Digest. Dis. 7:39 (Jan.) 1940. 
‘Powers, J. L:: Bull. National Formulary Committee 9:5 (Oct.) 1940. 
Block, L. H., Tarnowski, A., and Green, B. L.: Am. J. Digest. 

Dis. 6:96 (Apr.) 1939. 

6 Morrison, L. M.: Am. J. Digest. Dis. 13:196 (June) 1946. 


“TOMECTIN: 
Nickel Pectinate 


Ayerst, McKenna & Harrison Limited 


22 East 40th Street, New York 16, N. Y. 4820 
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Meat and the Management 


Of Macrocytic Anemias 


A recent clinical study* on the efficacy of vitamin B,, in mac- 


rocytic anemias emphasizes the value of a diet high in complete 


protein in the general management of these conditions. 


In addition to specific antianemia therapy ‘‘a diet rich in 


animal protein” is recommended as one of the principles of 


treatment in pernicious and related macrocytic anemias. 


Meat deserves a prominent place in the dietary of these 


anemias. It is an outstanding source of complete protein, pro- 


viding all the amino acids essential for blood formation and 


tissue repair. In addition to its notably high content of com- 
plete protein, meat is one of man’s best natural sources of 


B-complex vitamins and iron. 


The excellent digestibility of meat makes possible its use 


twice or more times daily when required by dietary demands. 


*Spies, T. D.; Suarez, R. M.; Lopez, G. G.; Milanes, F.; Stone, R. E.; 
Toca, R. L.; Aramburu, T., and Kartus, S.: Tentative Appraisal of 
Vitamin B,2 as a Therapeutic Agent, J.A.M.A. 139:521 (Feb. 19) 
1949. 


The Seal of Acceptance denotes that the nutri- 

tional statements made in this advertisement %a¢ so 
e 7 COUNCIL ON 

are acceptable to the Council on Foods and jy —- 


NUTRITION 
Nutrition of the American Medical Association. 
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American Meat Institute 
Main Office, Chicago...Members Throughout the United States 
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Chlorophyll therapy in 127 cases of 
chronic osteomyelitis and ulcers 


Excerpts from a clinical report (1) on an investigational study, pub- 
lished in the American Journal of Surgery, 77:162, 1949. 

This report is one of an extensive series of carefully supervised 
studies on the wound healing effectiveness of Chloresium. 


e This synopsis is designed to give physi- 
cians a brief, convenient summary of the 
clinician’s experience with Chloresium 
chlorophyll therapy. It quotes his reasons 
for choosing this method of treatment . . . 
his results in various types of cases .. . 
and his evaluation of chlorophyll therapy, 
including his follow-up observations, 
eighteen or more months after treatment. 
(1) Original paper prepared by E. B. 
Carpenter, M. D., Department of Ortho- 
pedic Surgery, Medical College of Vir- 
ginia Hospital, Richmond, Va. 


Why chlorophyll therapy was employed 


“< . . The action of chlorophyll as a thera- 
peutic agent is essentially that of a stim- 
ulant to cellular metabolism. 


‘‘Because of disappointments and failures 
to obtain early healing in chronic granu- 
lomatous processes by the usual classical 
procedures, and with an increasing number 
of enthusiastic reports relative to chloro- 
phyll preparations, in recent literature, the 
writer was stimulated to investigate these 
(Chloresium) preparations clinically in a 
carefully selected and controlled series .. . 


How the cases were selected 


“The cases chosen for this investigation 
were carefully selected from a busy ortho- 
pedic service in a prominent teaching hos- 
pital. The cases selected were in each instance 
chosen by the writer and followed person- 
ally throughout their course of treatment 
and follow-up... 


“The period covered in this clinical study 
was nine months: (See: “‘Follow-up Observa- 


tions’’ for final conclusions); 127 cases were 
selected and treated during this period .. . 


“The chlorophyll preparations* used were: 
(1) water-soluble active chlorophyll deriva- 
tives in isotonic solution; (2) water-soluble 
chlorophyll derivatives in a hydrophylic 
ointment base; (3) chlorophyll-penicillin so- 
lution containing 2,000 units of penicillin 
per cc. of water-soluble chlorophyll deriva- 
tives; (4) fine mesh gauze impregnated with 
water-soluble chlorophyll derivative oint- 
ment. 


Results in 59 cases of chronic suppurative 
osteomyelitis in which surgical intervention 
was held necessary 


“*. . Fifty-six healed per primum following 
the delayed closure and have remained 
healed without evidence of recurrence of 
infection or breakdown of the wound. One 
patient developed several small subcutane- 
ous abscesses following the delayed closure, 
necessitating incision and drainage of the 
abscesses. Two wounds failed to heal follow- 
ing the delayed closure and continued to 
drain... 


Results in 25 cases of subacute 
or chronic suppurative osteomyelitis 
secondary to compound fractures 


** . . skin defects were covered and the 
wounds healed in twenty-three instances. 
The two other wounds broke down following 
skin grafting and required additional skin 
grafting or plastic closures... 


“Following the start of chlorophyll dress- 
ings, the rapid disappearance of the foul 
odors associated with these cases was very 
marked in every instance and was most 
gratifying to both the patient and to the 
others on the wards. 


*The water soluble chlorophyll derivative preparations used 
in this study were generously supplied by Rystan Company, 
Inc., Mt. Vernon, N. Y., and are marketed commercially 
under the trade name ‘“‘Chloresium.”’ 
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Results in 22 cases of chronic 
granulomatous wounds 


“The group of chronic granulomatous le- 
sions not associated with underlying bony 
infection consisted principally of decubitus 
ulcers. Nine such ulcers were on paraplegic 
patients and the results here were most 
gratifying. Early erradication of gross in- 
fection, early appearance of healthy granu- 
lation and progressive epithelization of these 
decubiti were marked in every instance. 
Every patient selected in this group had 
been treated previously with various local 
ointments and solutions with uniformly poor 
results... Of the total group of twenty-two 
cases, failure to obtain healing occurred in 
six instances. 


Results in 6 cases of 
chronic varicose ulcers 


*. . . diminution in the size of the ulcer 


occurred in every instance within two weeks 
and complete epithelization was obtained 
in four instances . . . in each case selected 
very definite improvement occurred with 
chlorophyll ointment although previously 
the ulcers had been resistant to all types of 
treatment. 


CONCLUSIONS 


“In the treatment of chronic suppurative 
osteomyelitis, both of hematogenous origin 
and secondary to compound fractures, the 
efficacy of chlorophyll solution locally com- 
bined with adequate sequestrectomy, pro- 
duced uniformly rapid erradication of in- 
fection, early wound healing and substantial 
evidence of clinical cures, not previously 
experienced in this type of infection when 
treated by the usual time-honored methods 
of sequestration... 


“Chlorophyll derivative preparations in 
the treatment of decubitus ulcers, particu- 
larly in paraplegics, demonstrated tissue- 
stimulating properties, with subsequent early 
epithelization not previously seen in these 
particularly slow and indolent types of ulcer. 


‘Chlorophyll ointment locally as an ad- 
junct to treatment of varicose ulcers pre- 
viously resistant to all forms of treatment, 


Chlorestum 


Therapeutic chlorophyll preparations 


Ethically Promoted 
AT ALL LEADING DRUGSTORES 


demonstrated remarkable therapeutic prop- 
erties in every instance. 


Follow-Up Observations after 18 Months 


“The period of follow-up has not been less 
than eighteen months for any case and on a 
number of cases two years of observation 
have been possible. 


“In the group of patients with chronic 
suppurative osteomyelitis, of whom fifty- 
four originally healed following sequestrec- 
tomy and delayed primary closure, two have 
developed recurrence of infection requiring 
additional surgery . . . The remaining pa- 
tients have been clinically asymptomatic 
with no evidence of recurrence of infection... 


“The group of cases of osteomyelitis fol- 
lowing compound fractures has been very 
interesting to observe. Of this original group 
of twenty-four patients, additional surgery 
has been necessary in six . . . Of the entire 
group of eighteen patients who have not 
required additional surgery there has been 
no evidence of recurrence of infection . . . 


“The group of indolent ulcers or decubiti, 
particularly on paraplegics, have remained 
healed without evidence of breakdown. 


“The 6 cases of varicose ulcers have un- 
fortunately not been followed as closely . . . 
Observation on three of the most resistant 
cases has been possible and to date the 
ulcers have remained healed without break- 
down in two of these cases. The remaining 
case had a 2 cm. area of breakdown which 
responded rapidly to chlorophyll ointment 
pressure dressings, with subsequent healing. 


‘All of wounds (in the 15 cases of chronic 
suppurative osteomyelitis of the small bones 
of the extremities) progressed to eventual 
healing without surgical intervention .. . 
follow-up on twelve cases has been obtained 
and there has been no recurrence of infection 
to date.” 


Mail coupon below for the complete text of 
this clinical report and clinical samples. 


RYSTAN COMPANY, INC., Dept. JM-5 
7 N. MacQuesten Pkwy., Mt. Vernon, N. Y. 


Please send, without obligation, reprint of the 
clinician’s paper on Chloresium chlorophyll therapy 
and clinical samples. 
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When there is a strain on nutrition... 


The demands of pregnancy often 
lead to impairment of the liver and 
B-vitamin depletion; it often happens 
that neither condition will be im- 
proved unless they are treated simul- 
taneously. 


Methionine is being used widely for 
protection against impaired liver func- 
tion. “In the treatment of toxemia 
and hemolytic disease of the newborn, 
it is a valuable adjunct to other proved 
types of therapy. The hepatorenal 
syndrome can best be treated with the 
combined use of plasma, whole blood, 
and methionine.”* 


The administration of therapeutic 
amounts of essential B-vitamins has 


* 
Philpott, N. W., Hendelman, M., and Primrose, T. 


Methionine in Obstetrics, Am. Jr. Obst. © Gynec. 


§7:125°142 Jan. 1949 


been established as a necessary factor 
when there is a strain on nutrition. 
Meovite Gives This Protection 

A new Wyeth product, Meovite, in 
the form of easy-to-swallow capsules 
combines the virtues of essential B- 
vitamins with dl-methionine, one of 
the amino acids requisite to normal 
liver function. Four capsules of Meo- 
vite daily is the usual dose recom- 
mended for pregnant patients; the 
dosage may be adjusted for special 
conditions or treatment. 

Each Meovite capsule contains 250 
mg. dl-methionine, 5 mg. thiamine 
hydrochloride, 2.5 mg. riboflavin, 25 
mg. niacinamide. 


MEOVITE 


Methionine 
and 
B-Complex 
Vitamins 
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...was developed to fill the 


“need for an insulin with 


activity intermediate between 


that of regular insulin and that 


of protamine zinc insulin.” 


IN 1939, Reiner, Searle and Lang described a new 


“intermediate acting” insulin. 


IN 1943, after successful clinical testing, the new sub- 
stance was released to the profession as ‘Wellcome’ 


brand Globin Insulin with Zinc ‘B. W. & Co.’ 


TODAY, according to Rohr and Colwell, “Fully 80% 
of all severe diabetics can be balanced satisfactorily”? 
with Globin Insulin ‘B.W. & Co.’— or with a 2:1 mixture 
of regular insulin: protamine zinc insulin. Ready-to-use 
Globin Insulin ‘B. W. & Co.” provides the desired inter- 


mediate action without preliminary mixing in vial or 


INSUE 


»> 


syringe. 


In 10 cc. vials, U-40 and U-80. 


1. Rohr, J.H., and Colwell, A.R.: Arch. Int. 
Med. 82:54, 1948. 
2. ibid Proc. Am. Diabetic Assn. 8:37, 1948. 


‘B.W.&CO. —a mark to remember 


ral BURROUGHS WELLCOME & CO.(U.S.A.) INC. tuckahoe 7, New York 
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SMICON 


acid-adsorbent demulcent 


(B E CAU S E) Resmicon combines anion-exchange polyamine resin 


with natural gastric mucin. This combination means double- 


barrelled action for relief of pain and promotion of healing 


in peptic ulcer. 


(B ECAUS E) Resmicon’s polyamine resin inactivates hydrochloric acid 


by physical adsorption, not by chemical “neutralizing” or “buffer- 


ing.” This physical action induces no alkalosis, no acid rebound, 
no depletion of body electrolytes, no formation of renal calculi, 
no toxic effects, no irritation, and no uncomfortable side effects 


such as constipation, diarrhea, eructation, or flatulence. 
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(B E CAU a E) Resmicon’s mucin provides a dense, tenacious coat- 


ing for the eroded area, as well as for the whole gastric mucosa. This 


mucinous film—highly resistant to penetration by HCl and pepsin— 


protects the ulcerated tissue and fosters healing. 


RESMICON tablets: gastric mucin, 170 mg.: anion-exchange 


polyamine resin, 500 mg.; supplied in bottles of 84 tablets. 


LABORATORIES 
Division Nutrition Research Laboratories 


Chicago 30, Illinois 
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A NEW STANDARD IN DIGITALIS THERAPY 


... dosage by weight 


...effect by the clock 


Shnplictay of administration with dosage by weight and effect in hours— 
together with virtual freedom from locally induced nausea or vomiting— 
makes Digitaline Nativelle a preparation of choice wherever and whenever 
digitalis therapy is indicated. 

In developing the first clinically-proven active principle of digitalis purpurea. 
Digitaline Nativelle has provided the medical profession with a major ad- 
vance in the treatment of cardiac decom- 
pensation. Utilizing the active principle, 


rescribe Digitaline Nativelle 
Digitaline Nativelle acts uniformly whether 


administered by mouth or by vein. for these 5 advantages: 


1. Uniform potency by weight. 
HOW TO ADMINISTER: 


Rapiw DicitaLizaTion . . . 1.2 mg. in equally 
divided doses of 0.6 mg. at three-hour intervals. 


2. Identical dosage and effect when given 
intravenously or by mouth. 


MAINTENANCE: 0.1 or 0.2 mg. daily depending 3. Virtual freedom from gastric upsets and 
upon patient's response. other untoward side effects. 


CHANGE-OVER: 0.1 or 0.2 mg. of Digitaline Nati- 
velle may advantageously replace present mainte- 
nance dosage of 0.1 gm. or 0.2 gm. of whole leaf. 


4, Absorption and action is rapid, uniform, 
determinable by the clock. 


5, Active principle enthusiastically accepted 
Supplied through all pharmacies in 0.1 mg. pink tab- 
lets and 0.2 mg. white tablets—in bottles of 40 and , £ Cardiologists, 
250. In ampules of 0.2 mg. (1 cc.) and 0.4 mg. (2 cc.) 


—in packayes of 6 or 50. 


Z Vigitaline Nativelle 


. active glycoside of digitalis purpurea (digitoxin) S 


VARICK PHARMACAL CO., INC. (Division of E. Fougera & Co., Inc.) 75 VARICK ST., NEW YORK, N. Y. 
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several convenient routes 


of administration 


PROGYNON 


-rapidly effective 
and well tolerated 


Whether injected intramuscularly or implanted 
subcutaneously, whether swallowed as a tablet 
or absorbed through the buccal mucosa from 
POLYHYDROL,t PROGYNON* preparations of 
estradiol relieve symptoms of estrogen defi- 
ciency rapidly and effectively. These conve- 
nient forms of PROGYNON may be administered 
with confidence that they will be well tolerated 
and will not induce side effects. 


PROGYNON-B* (Estradiol Benzoate U.S.P. XIII in 
oil) for intramuscular injection. 


PROGYNON-DP* (Estradiol Dipropionate in oil) 
for intramuscular injection. 


MICROPELLETS PROGYNON? (crystalline 
Estradiol U.S.P XIII in aqueous suspension) 
for intramuscular injection. 


PROGYNON PELLETS (crystalline Estradiol 
U.S.P. XIII) for subcutaneous implantation. 


PROGYNON-DH* OINTMENT (crystalline Estra- 
diol U.S.P XIII) for inunction. 


PROGYNON-DH* TABLETS (crystalline Estra. 
diol U.S.P XIII) for oral administration. 


PROGYNON BUCCAL TABLETS (crystalline 
Estradiol U.S.P XIII in Potyuypro.) for 


exceptionally effective buccal absorption. 
*® 


ProcyNon and trade-marks of Schering Corporation 


CORPORATION « BLOOMFIELD, NEW JERSEY 
IN CANADA, SCHERING CORPORATION LTD., MONTREAL 


/ 
(Estradiol U.S.P XIII) 
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Sehering 


Suspended by a mere thread 


—A Life-Line 


Delivery of infant—Normal presentation. 
ApaPTep FROM Heister’s Surcery, Lonpon 
MDCCXLvit (1748). 
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E FETUS LIVES ONLY 
AT THE EXPENSE OF THE MATERNAL ORGANISM 
ONLY BY GENEROUS NUTRITION OF BOTH 
CAN BOTH BE KEPT HEALTHY 
SO THE PRICELESS HERITAGE OF A SOUND BODY 
IS TRANSMITTED TO THE SECOND GENERATION. 


is specially designed for the OB patient. 


Note the 15 grains of dicalcium phosphate* per 


capsule plus the abundance of vitamins in adequate 


amounts to assure continuous flow of these nutrients from 


mother to child. Try OBron on your next OB case. 


ALL IN ONE CAPSULE 


*Dicalcium Phosphate, Anhydrous . . . . . . . 768mg. 
Vitamin A (Fish-Liver Oil) . . . . . .5,000U.S.P. Units 
Vitamin D (Irradiated Ergosterol) . . . . 400U.S.P. Units 
Vitamin B, (Thiamine Hydrochloride) . . . . . . 2d. 
Vitamin B, (Riboflavin) . . . . 29. 
Vitamin B, (Pyridoxine Hydrochloride) . . . . . 0.5 mg. 

* Equivalent to 15 grains Dicalcium Phosphate Dibydrate 


ONE OF THE ROERIG BALANCED FORMULAE 


Originators of HEPTUNA * HEPTUNA WITH FOLIC ACID * DARTHRONOL 


J. B. ROERIG AND COMPANY 


536 LAKE SHORE DRIVE e CHICAGO 11, ILLINOIS 
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Achlorhydria is a classical sign of pernicious 
anemia. Once pernicious anemia is diagnosed, 
adequate therapy must be instituted and main- 
tained. But, remember, it is not the liver sub- 
stance itself but rather the hemopoietic principle 
and secondary factors stored in the liver that 
promote normal blood formation. 


Liver Preparations Armour 


are tested regularly for hemopoietic potency, 
according to approved methods, on actual per- 
nicious anemia patients in relapse. And it has 
been proved that the Armour Laboratories have 
mastered the art of preserving the active blood 
regenerating constituents of the fresh liver in 
an extract for therapeutic use. 


HEADQUARTERS FOR MEDICINALS OF ANIMAL ORIGIN 


sign of pernicious anemia! 


Armour Liver Preparations 
Liver Injection 


2 U.S.P. Injectable Units per cc. (Crude.) 
4 U.S.P. Injectable Units per cc. 


Made from the unrefined 70% alcohol soluble fraction 
of liver extract in the manner described in the U.S.P. XIII 
for the preparation of Liver Injection (Crude). 


Liver Injection 2 U.S.P. units (Crude) (Armour) is 
available in 10 and 30 cc. rubber-capped vials. 


Liver Injection 4 U.S.P. units (Armour) is available in 
5, and 10 cc. rubber-capped vials. 


10 U.S.P. Injectable Units per cc. in 1 cc., 5 cc., 10 cc¢., 
and 30 cc. rubber-capped vials. 


15 U.S.P. Injectable Units per cc. in 1 cc., 5 cc., and 10cc. 
rubber-capped vials. A highly refined and concentrated 
preparation for massive dosage. 

Solution Liver Extract — Oral 


45 cc. equal 1 U.S.P. Oral Unit. A readily assimilable and 
therapeutically effective preparation for use when the oral 
route is indicated or preferred. 


Liver Extract Concentrate — Capsules 


9 capsules equal 1 U.S.P. Oral Unit. Odorless, tasteless. 
Sealed gelatin capsules in boxes of 50, 100. 


Have confidence in the preparation 


you prescribe — specify “Armour” 


ARMOUR 
Laboratories 


CHICAGO 9, ILLINOIS 
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Your patients of all ages will 
like Vytinic, Bristol’s liquid hematinic 


with folic acid. A clear, transparent solution, it is pleasing to the eye, and exceedingly 
well tolerated. But most important, Vytinic’s exceptional appeal to a finicky palate en- 


sures your patients’ co-operation. 


The approach of Vytinic to the treatment of secondary anemia is modern and com- 
prehensive—providing in balanced proportions essential factors certainly deficient in 
hemorrhagic anemia and frequently deficient in anemias of nutritional origin. 

Prescribe Vytinic for your anemia patients, and note how willingly they follow your 
dosage instructions—and how hemoglobin responds in consequence. 


Each fluidounce contains: 


Ferric Ammonium Citrate; USP..........00ee000: 390 mg. 
Thiamin Hydrochloride (Vitamin Bi)...........00. 10 mg. 
Liver extract derived from 20 Gm. of fresh liver 


Available for your prescription in 
bottles of 12 oz. and 1 gal. 
Send for tasting semple. 


Dosage: Adults—one tablespoonful, t.i.d., with or im- 
mediately after meals. Children—in proportion to 
their age. The suggested daily adult dose provides the 
following multiples of the minimum daily requirement 
for adults: iron—10; vitamin B,—15; vitamin B,—8; 
plus adequate amounts of niacinamide, liver extract, 
and folic acid. 


Vytinic voli acid 


Bristol Laboratories trademark for an oral hematinic 


Bristol 


LABORATORIES INC. 
SYRACUSE, NEW YORK 


‘ 


You have one outstanding drug 
for the treatment 


of depression 


In the depressed patient, 
‘Dexedrine’ Sulfate can be depended upon 
to dispel the characteristic “chronic fatigue”; 
to induce a feeling of energy and well-being; 
and to restore optimism, mental alertness 
and capacity for work. 

Dexedrine’s anti-depressant effect is notable 
for its freedom from distracting elation, 
irritability and inward nervous tension. 

Its uniquely “smooth” action spares the patient 
the uncomfortable feeling of “drug stimulation”. 


Dexedrine Sulfate Tablets @ Elixir 


The anti-depressant of choice 


Smith, Kline & French Laboratories Philadelphia 


*‘Dexedrine’ T.M. Reg. U.S. Pat. Off. for dextro-amphetamine sulfate, S.K.F. 
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is pleased to 
announce that 
it has made 
available 


for use in the 


treatment of 


PSORIASIS 


SEVINO 


specially purified 


undecylenic acid for 


oral administration 


Attention has recently been drawn to “‘an interesting approach”! to the control of 
psoriasis and neurodermatitis. Perlman? has reported that following the oral use of 
undecylenic acid, psoriasis was relieved completely in 3 out of 17 patients, and was 
partially relieved in the remainder. “Relief of itching is sometimes noticed as early as 
two days after institution of treatment . . . undecylenic acid seems to hold a great 
deal of promise in the improvement and possible prevention of recurrences of psoria- 
sis and neurodermatitis.”* 


SEVINON™ is available in gelatin capsules containing 0.44 Gm. undecylenic acid, 
highly purified for oral use. The dosage employed by Perlman? corresponds to 5 to 6 
capsules three times daily by mouth, continued in some cases for as long as six months. 


1. Undecylenic Acid and Psoriasis, editorial, J.A.M.A. 139:460, 1949, 
2. Perlman, H. H.: J.A.M.A. 139 :444, 1949, 


*SEvINON trade-mark of Schering Corporation 


CORPORATION BLOOMFIELD, NEW JERSEY 
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“Vitamin B,, per unit of weight, is the most effective 


antianemitc substance known.” 


IT p / 
SQUIBB vitamin Biz concentrate 
now in plentiful supply 
> essentially painless, protein-free aqueous solution 
> approximately the same cost as Liver Extract 


1 cc. ampuls, each ampul containing 15 micrograms of 
vitamin B::. Boxes of 5. 


Dosage for 15 microgram RUBRAMIN is the same as that for 
15 unit Liver Extract. 


Sal ‘11315 MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION SINCE 
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*“RUBRAMIN’ A TRA MARK OF E. R. SQUIBB & SONS 
1858 


Saline, protein-free solution of a 
nitrogenous fraction obtained from 


description 


acid-alcohol treatment of mammalian 


pancreas. Free from physiologically 


significant amounts of histamine, 
acetylcholine, or insulin. Capped, 


rubber-stoppered, 10-cc. vials. 


ASTIN 
DOHME 


lenronanex 


deproteinated pancreatic extract 


Relief of pain in intermittent 
claudication and primary dys- 
menorrhea, prolongation of claud- 
ication time in peripheral vascular 
disease. Relief of renal and ureteral 
colic due to stone, stricture, kink or 
spasm. Relaxation of ureter to permit 
instrumentation, X-ray examination. 


Relaxes smooth muscle spasm within 
three minutes following intramuscular 
injection. Provides direct, physiologic 
relief of pain due to many types 

of smooth muscle spasm. 


Sharp & Dohme, Philadelphia 1, Pa. 
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ESTABLISHED 


advantages of CRYSTODIGIN over 
whole-leaf digitalis: 

More dependable effect provided with an 
accurately weighed amount of a pure 
substance than with crude material 
which contains other ingredients irritat- 
ing to the gastro-intestinal tract. 


Easier maintenance with CRYSTO- 
DIGIN (Crystalline Digitoxin, Lilly), 
which, unlike whole-leaf digitalis, is uni- 
formly and almost completely absorbed. 
No less prolonged and no more toxic. 


as an improved digitoxin. 

CRYSTODIGIN is a single crystalline- 
pure glycoside. [t exceeds minimal 
requirements for ordinary digitoxin, 
which is officially allowed to be a mix- 
ture of glycosides and may have as 
little as 80 percent of stated content. 


CRYSTODIGIN is supplied in 0.05-mg., 
0.1-mg., 0.15-mg., and 0.2-mg. tablets 
and as Ampoules ‘Crystodigin,’ 0.2 mg., 
1 ce., and in 10-cc. rubber-stoppered 
ampoules containing 0.2 mg. per cc. 


Complete literature on CRYSTODIGIN 
is available from your Lilly medical 
service representative or will be for- 
warded upon request. 
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Editorial 


Synthetic Analgesic Drugs 


EW drugs have as impressive a history 
bh: opium. It has been used for more 

than two millenia although its im- 
portant therapeutic applications were not 
generally recognized until more recently. 
The isolation of the principal alkaloids of 
opium in the nineteenth century and the 
more recent chemical modification of alka- 
loidal structure to produce substances such 
as dihydromorphinone (Dilaudid) and me- 
thyldihydromorphinone (metopon) repre- 
sented important steps forward but did not 
foretell great progress in the search for 
analgesic drugs which could replace mor- 
phine or its related alkaloids. 

Only a decade has passed since the 
announcement of Eisleb and Schaumann 
that a relatively simple compound, meperi- 
dine (Demerol, Dolantin), an ester of 
phenylpiperidinecarboxylic acid, is a po- 
tent analgesic drug. This discovery proved 
that the structural peculiarities of the 
alkaloids of the morphine group need not 
dominate the search for new analgesics. It 
promised new insight into the relationship 
between chemical structure on the one 
hand, and analgesic potency, undesired 
toxic effects and addiction-liability on the 
other. This promise has been strengthened 
by the recent introduction of methadone. 
Methadone (amidon, Dolophine, Adanon) 
is a synthetic analgesic as potent as mor- 
phine. A_ derivative of heptanone, its 


structure differs from that of meperidine. 
The formulas here given enable one to 
compare the structures of morphine, meperi- 
dine and methadone. 


OH 
Morphine 


CH3;—-CH,—O—C 

| 

O 


hydro- 
chloride. Meperidine (Demerol) hydrochloride. 


CH; CH; 
| 
CH,CH—N HCl 
( CH; 
SS 
| 


6-Dimethyl-amino-4,4-diphenyl-heptanone-3 hydrochlor- 
ide. Methadone (Dolophine, Adanon) hydrochloride. 


Drugs used for a specific effect often have 
similar patterns of action extending to effects 
which either are undesired or undesirable 
or both. How similar are the pharmacologic 
patterns of morphine, meperidine and 
methadone? All three relieve pain and the 
analgesic action is the primary therapeutic 
use to which they are put. Meperidine is 
about one-tenth as potent as the other two 
in terms of the dose required for analgesia. 
Specialized experimental algesimetric tests 
suggested that methadone is even more 


NCH, 

H,H/ CH, 

H/\ 

O 
681 
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potent than morphine. However, clinical 
comparisons have not consistently revealed 
important differences in dose and for 
practical purposes morphine and methadone 
can be regarded as equipotent analgesics. 

Is the liability to addiction with physica] 
dependence and tolerance-development nec- 
essarily a part of the pharmacologic pattern 
of a potent analgesic drug? The evidence 
available requires an affirmative answer to 
this question although that answer must be 
provisional and subject to qualification. 
Himmelsbach, Isbell and their colleagues 
have studied in addicts as quantitatively 
as possible the phenomena of addiction to 
morphine and of physical dependence on 
the drug as measured by signs and symp- 
toms of withdrawal. The addiction-liability 
of morphine with the development of unusual 
tolerance is notoriously high and there is a 
correspondingly great physical dependence 
on the drug. If morphine be used as a 
standard of addiction, then meperidine can 
be considered an analgesic of low addiction- 
liability. Primary habituation and addic- 
tion to meperidine have occurred but the 
number of such cases in psychiatrically 
normal persons is certainly small. On the 
other hand, it is a dangerous but less 
desired substitute for morphine in the real 
or potential morphine-addict and appears 
to resemble codeine in this respect. Toler- 
ance of the analgesic or toxic effects of 
meperidine appears slowly and is much 
lower than that reached after repeated 
doses of morphine. 

Apart from its analgesic action, the best 
evidence that methadone is a pharmacologic 
relative of morphine comes from studies 
of its effects in addicts. It can provide a 
euphoria nearly as satisfying as that of 
morphine and Anslinger has warned that 
addicts are often successful in obtaining 
the drug from physicians who would be 
suspicious of a request for morphine. It can 
be substituted for morphine without recog- 
nition by the addict. In fact, its substitution 
for morphine followed by abrupt with- 
drawal is probably the best means of with- 
drawing morphine since the abstinence 
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syndrome after methadone is much milder 
than after morphine alone (Isbell and 
others). Therefore, physical dependence, 
measured by abstinence symptoms, is much 
lower than for morphine even after doses of 
methadone approaching the limits of toler- 
ance. If one were limited only to these 
considerations, he might conclude that the 
addiction-liability of methadone is con- 
siderable. Such a generalization may ap- 
proach the truth in the real or potential 
addict but at present cannot be sustained 
from clinical experience in normal patients. 
There has been no report of primary addic- 
tion to methadone. In experimental ani- 
mals, especially dogs, varying degrees of 
addiction with tolerance have been pro- 
duced. On the other hand, in the monkey 
from which any data obtained should be 
more significant, Seevers and his colleagues 
could demonstrate addiction and tolerance- 
development for morphine but not for 
methadone. Normal patients requiring a 
drug for the relief of severe pain have taken 
methadone for weeks or even months. 
Tolerance may or may not appear and 
require a moderate increase of dose. Pri- 
mary addiction with withdrawal symptoms 
has not been reported. 

It would be expected that habituation 
and addiction would be facilitated by an 
analgesic causing euphoria. The euphoria 
which is commonly observed in patients 
receiving therapeutic doses of morphine 
occurs infrequently after meperidine (less 
than 10 per cent of patients) and perhaps 
even less often after methadone. Sedation 
is unquestionably much more pronounced 
after morphine than after meperidine or 
methadone. Indeed, the sedative action of 
methadone is usually so slight as to make 
it less suitable than morphine for special 
uses such as pre-anesthetic medication from 
which sedation may be desired. Cough can 
be efficiently suppressed by small doses of 
methadone whereas after meperidine an 
antitussive effect is not observed. The effects 
of the three drugs on smooth muscle offer 
interesting similarities and contrasts. Mor- 
phine reduces the propulsive activity of the 
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gastrointestinal tract by complex effects; it 
causes smooth muscle spasm especially of 
the sphincters; it lessens the secretion of 
digestive glands; its central action inter- 
feres with the defecation reflex. Although 
thought to be a spasmolytic drug, meperi- 
dine in normal persons usually increases 
smooth muscle tone, particularly of the 
small intestine. Neither meperidine nor 
methadone causes constipation. The spas- 
mogenic action of meperidine is also illus- 
trated by its action on the sphincter of the 
common bile duct which is thrown into 
spasm so that the intrabiliary pressure rises. 
Morphine and codeine act similarly. Mor- 
phine causes ureteral spasm whereas the 
effect of meperidine, if any, is to relax the 
smooth muscle of the ureters. At least in 
the anesthetized dog the injection of metha- 
done is followed by relaxation of the 
ureters. 

A comparison of the toxic effects of doses 
in the therapeutic range does not favor 
morphine. Dizziness, nausea and vomiting 
may follow the administration of any of the 
three analgesics. The frequency of these 
signs and symptoms, especially reported in 
ambulatory patients, is probably as high 
after morphine as after either meperidine 
or methadone. Minor toxic symptoms may 
be more characteristic of a particular drug. 
For example, pruritus is more common after 
morphine; flushing, perspiration and dry- 
ness of the mouth are more frequent after 
meperidine. Lethal doses of any of the three 
drugs cause respiratory paralysis. However, 
effects of therapeutic doses on respiration 
can usually be demonstrated only after 
morphine. Exceptional are patients with 
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intracranial lesions in whom meperidine 
may cause an alarming respiratory depres- 
sion. In contrast, meperidine is the best 
available potent analgesic for obstetric use. 
Unlike either morphine or methadone it 
does not cause serious depression of respira- 
tion in the newborn infant. Toxic doses of 
all three analgesics cause mixed signs of 
central depression and excitation. Diffuse 
excitation rather than depression is more 
characteristic of meperidine than of mor- 
phine or methadone. 

A comparison of morphine with its 
synthetic competitors, meperidine and me- 
thadone, demonstrates that either or both 
substitutes can usually replace it as a power- 
ful and reasonably specific analgesic. The 
discovery of these synthetic analgesics, 
differing in structure from each other and 
from morphine, has greatly stimulated the 
investigation of related compounds, some 
of which have remarkable pharmacologic 
properties which are not necessarily desir- 
able therapeutically. The therapeutic value 
of meperidine and methadone justifies an 
unrelenting search for better analgesics 
which may also be found, by trial and error, 
in compounds not suspected of possessing 
analgesic properties. Perhaps the _ ideal 
analgesic drug, specific for the relief of 
pain, useful for long periods without in- 
crease of dose or danger of habituation or 
addiction and causing few or trivial toxic 
effects can be discovered. 


H. B. vAn DyKE, M.D. 
Columbia University College 
of Physicians and Surgeons, 
New York, N. Y. 
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Clinical Studies 


Modification of the Effects of Immobilization 
upon Metabolic and Physiologic Functions 
of Normal Men by the Use of an 
Oscillating Bed’ 


G. DonaLp WHEDON, M.D., JOHN E. Deirrick, M.D. and EPHRAIM SHORR, M.D. 


with the technical assistance of 


V. Toscani, V. BuntAk Davis and E. STEVENS 


New York, . 


HE effect of immobilization upon 

various metabolic and physiologic 

functions of four normal young men 
has been the subject of a previous communi- 
cation.’ The results of this study revealed 
that immobilization over periods of several 
weeks brought about significant losses of 
nitrogen, sulfur, calcium, phosphorus and 
potassium in healthy men. Creatine metab- 
olism, control of the circulation in the up- 
right position, and muscle mass and strength 
were also significantly impaired. These find- 
ings provided a quantitative measure of the 
degree to which immobilization per se may 
contribute to the metabolic and circulatory 
derangements observed in traumatic and 
infectious states. 

There has been a rapidly growing interest 
in recent years in the development of 
methods for shortening convalescence. These 
methods have included early ambulation 
for postoperative patients? ° and programs 
of physical reconditioning inaugurated dur- 
ing the war by the British® and later adopted 
by our own military forces.’7~'° These 
methods are not generally applicable to all 
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disease states or to all types of patients; 
they are primarily designed for convales- 
cence after brief illness and for patients 
whose physical condition is such as to per- 
mit ambulant activity during convalescence. 
All these programs allow for a variable 
period of inactivity after the infectious, 
surgical or traumatic episode prior to the 
institution of rehabilitating procedures 

The present study was primarily con- 
cerned with the development of procedures 
which could be instituted without delay 
and which would be applicable to condi- 
tions necessitating prolonged immobiliza- 
tion and for which convalescent training 
methods are unsuitable. These represent an 
important group of diseases, such as spinal 
cord injury, fracture of the pelvis or spine, 
severe burns and abdominal wounds, and 
extensive paralysis resulting from_ polio- 
myelitis or cerebral vascular accidents. 
Prolonged immobilization exposes these pa- 
tients not only to derangements of circula- 
tory, muscular and metabolic functions but 
also to the dangers of stone formation in the 
urinary tract and its consequences. The 


*From the Department of Medicine, Cornell University Medical College, the New York Hospital and the 
Russell Sage Institute of Pathology, New York, N. Y. This investigation was carried out under a contract, recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research and Development and 
Cornell University Medical College, and was aided in part by a grant from the National Foundation for Infantile 


Paralysis, Inc. 
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desirability of any procedure which would 
maintain the body in the best possible 
metabolic and physiologic state during the 
period of enforced immobilization is evident. 

Among the methods considered were 
calisthenic exercises, massage and passive 
exercise. hese were quite unsuitable for 
the specific experimental conditions being 


explored which required that the lower half 


of the subjects’ bodies be encased in plaster, 
as in the previous study, which was to serve 
as the base-line for the evaluation of the 
therapeutic regimen. The extent of the 
circulatory derangements observed during 
immobilization in the previous study sug- 
gested that benefit might be derived from 
any device, such as the oscillating bed 
described by Sanders!’ which would bring 
about continuous postural changes. It was 
conceivable that this bed, which rocks 
slowly back and forth, raising the head and 
lowering the feet with each oscillation, might 
exert favorable effects upon the circulation 
and possibly upon metabolic functions. 
This bed had the further advantage of being 
applicable to patients immobilized in plaster. 
Finally, any gain achieved by use of the 
bed would conserve nursing and _ physio- 
therapy facilities. For these reasons, the 
Sanders oscillating bed was selected for 
evaluation of its possible beneficial effects 
on the variety of physiologic and metabolic 
effects previously observed to follow im- 
mobilization in an ordinary hospital or 


fixed bed. 
PROCEDURE 


Three normal healthy young men _ were 
studied on a constant dietary intake before, 
during and following a five-week period of 
immobilization in plaster casts in oscillating 
beds. The three subjects had all taken part in 
the immobilization experiment (on standard 
hospital or fixed beds) previously reported.! 
The metabolic and physiologic data of each 
subject in the fixed bed experiment could there- 
fore serve as the control for his data in the 
present experiment since the same experimental 
conditions were maintained, except for the use 
of oscillating beds during the immobilization 
period. Identical metabolic balances and physi- 
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ologic studies were carried out on the Metabolism 
Ward of the New York Hospital and the Russell 
Sage Institute of Pathology. 

During the control phase of the experiment, 
which lasted four to five and one-half weeks, the 
subjects carried on the same degree of activity 
as in the control phase of the fixed bed experi- 
ment. In addition to being up and about on the 
Metabolism Ward, they took exercise in the 
form of calisthenics for one-half hour, swim- 
ming for one-half hour each day and one hour 
walks outside the hospital under escort three or 
four times a week. 

During the immobilization period, which 
lasted five weeks, the subjects were placed in the 
same type of cast as in the fixed bed experiment, 
a bivalved plaster cast extending from the 
umbilicus to the toes. Time out of the casts for 
bowel movements and for tilt table and ergo- 
meter tests was the same as in the fixed bed 
experiment and averaged thirty to forty 
minutes daily. 

For subjects E. M. and C. O. the oscillating 
bed was in motion altogether eight hours daily. 
For subject S. W. the oscillating bed was in 
motion twenty-one hours daily, being stopped 
only for meals, bed baths and bowel movements. 
The beds rocked slowly up and down on a ful- 
crum at the middle of the bed (Figs. 1 and 2); 
the total arc of excursion was 24 degrees, the 
feet moving 5 degrees above and 19 degrees 
below the horizontal. The speed of oscillation 
was adjusted so that one complete cycle re- 
quired one and three-fourths minutes. The 
subjects became adjusted to the motion of the 
bed within two days. The bed rocked so slowly 
that they were barely conscious of movement 
and were merely aware of a slight shift of weight 
with each oscillation and slight pressure chiefly 
on the bottom of the heels in the foot-down 
position. The pressure on the heels initially 
provoked some soreness and redness which was 
eliminated by adjustment of the padding of the 
cast. 

During the recovery period the subjects were 
allowed to be progressively ambulant on the 
third day and by the twelfth day resumed the 
same level of activity as during the control 
period. In subjects E. M. and C. O. recovery 
was studied for five weeks. In S. W. recovery 
was studied for six and one-half weeks following 
which he was again immobilized for a two-week 
period, this time in a fixed bed. The re-immobili- 
zation of this subject in a fixed bed was carried 


Fics. 1 and 2. Subject in bi-valved plaster cast on oscillating bed, showing arc of excursion 
employed. One complete cycle required one and three-fourths minutes. Figure 1, head of 
bed down 5 degrees. Figure 2, foot of bed down 19 degrees. 


out for the purpose of providing a check on the 
results of the first fixed bed experiment. Would 
the same healthy young individual respond to 
immobilization in a fixed bed in the same way 
and to the same degree as he had one year pre- 
viously? The recovery phase following the two 
weeks’ re-immobilization of S. W. was studied 
for eleven days. 

Subjects E. M. and C. O. were studied in the 
oscillating bed experiment from September to 
December, 1945, during the same months of 
the year but one year later than they had been 
studied in the fixed bed experiment. Subject 
S. W. was studied from February to January, 


1946, exactly one year after he had been studied 
in the fixed bed experiment. 


SUBJECTS 
The subjects, E. M., C. O. and S. W., ranging 
in age from twenty-one to thirty years, were 
described in the report of the fixed bed experi- 
ment.! The subjects’ heights and weights are 
shown in Table 1. 


DIETS 


Throughout the experiment all three subjects 
received a 2,800 calorie diet, the composition of 
which is given in Table 1. In the previous fixed 
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bed experiment C. O. and S. W. had received 
this same diet whereas E. M. had received a 
diet of slightly lower caloric (2,500) and mineral 
content. A description of the diets and of their 
composition as determined by direct analyses 
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modification of the method of Herbert; in addi- 
tion, heparin tolerance tests as outlined by de 
Takats! and prothrombin time determinations 
by the Link-Shapiro method'* were carried out 
on S. W. 


TABLE I 
DAILY DIETARY INTAKE AND PHYSICAL CHARACTERISTICS OF SUBJECTS 


Height Protein 


Subject Cm Calories 


Fat CHO Ca 
Gm. Gm. Gm. 


E. M. 
C. O. 


were given in the previous study! and in greater 
detail in separate reports.!”:'* Sodium intake 
was kept constant at 4.0 Gm. per day for all 
subjects in this experiment. In S. W. the slight 
increase in nitrogen, calcium and phosphorus 
intake beginning at period vim occurred because 
of the necessity for using the wartime ‘‘emer- 
gency” bread made from dark flour. * 


METHODS 


A. Chemical Studies. ‘The metabolic balances 
(in seven-day periods), collection and prepara- 
tion of specimens and methods of chemical 
analyses were carried out in the same manner 
as in the fixed bed experiment.' Urinary cal- 
cium, phosphorus and citric acid! were deter- 
mined on consecutive four- and _ three-day 
pooled specimens. 

B. Physiologic Studies. Physiologic studies were 
carried out as described in the report of the 
fixed bed experiment with the following modi- 
fications. In all subjects, measurements of the 
girth of the legs were made with the device 
previously described! which involves the use of 
a wide metal band encircling the leg under 
constant and equal tension. With this device 
measurements of the circumference of the calves 
could be closely checked by different observers 
(standard deviation for four control weeks 
among all subjects = +2.4 mm., or 0.67 per 
cent). Blood coagulation studies included the 
determination of coagulation time by the Lee- 
White method and prothrombin time by a 


* The authors are deeply indebted to Elizabeth Curtin, 
head nurse of the Metabolism Ward, for the supervision 
of the dietary and other aspects of the “patient” care 
during this and the previous immobilization study. 
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RESULTS 


A. Chemical Studies. 1. Nitrogen: During 
the control periods the subjects maintained 
small positive nitrogen balances with the 
output relatively constant. The average of 
the total outputs of the last three control 
periods served as the control base-line. Dis- 
placements or variations from the control 
base-line were employed for the calculation 
of the total losses of nitrogen occurring 
during immobilization on the oscillating 
bed and in the single re-immobilization in 
the fixed bed (subject S. W.). Calculation 
of the total losses occurring during immo- 
bilization in the first fixed bed experiment, 
with which these losses will be compared, 
were made in the same manner. 

During the first four days of immobiliza- 
tion there was little change in nitrogen 
output. A rise then occurred which began 
on the fifth or sixth day and reached its 
maximum during the second and _ third 
weeks. In comparison with the fixed bed 
experiment the pattern of nitrogen loss was 
similar but the extent of nitrogen loss was 
approximately one-half as great in two of 
the three subjects. In the third subject 
(C. O.), whose losses of nitrogen were small 
in both experiments, the loses were almost 
identical in both types of immobilization. 
The repetition of immobilization of subject 
S. W. in the fixed bed (for two weeks) 
resulted in a loss of nitrogen identica! with 


| | } | 
Na K 
| Gm. Gm. Gm. Gm. 
S| | 30 i 72 | 2800 90 114 | 352 0.920 1.64 4.00 5.16 
| 21 180 | 66 | 2800 90 114 352 0.920 1.64 4.00 3.76 
S. W. | 21 181 | 66 | 2800 | 90 114 | 352 0.920 1.64 4.00 3.76 
| | | 
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the loss sustained during the same period 
of time in the first fixed bed experiment and 
approximately twice as great as during the 
initial two weeks in the oscillating bed. 
During the recovery phase the subjects 
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tion of nitrogen occurred at the fifth week 
for E. M. and C. O., at the second week 
for S. W. 

A more detailed comparison of the 
changes in nitrogen metabolism in the fixed 


TABLE I 
COMPARISON OF NITROGEN METABOLISM DURING AND FOLLOWING FIVE WEEKS’ IMMOBILIZATION IN FIXED 
AND OSCILLATING BEDS * 
I. IMMOBILIZATION 


Control Five-week Period of Immobilization 


| Maximum Deviation 

| from Control Base-line 

Total N 
Loss, 

5 Weeks 
Gm. 


Subject Total N 
Loss, First 


3 Weeks 
Gm. 


Total N 

Loss, First 

2 Weeks 
Gm. 


Average 
Daily 
Loss 
Gm. 


Average 
Daily 
Balance 
Gm. 


Average 
Daily 
Balance 
Gm. 


| Deviation 
Week of | 


Occur- 
rence 


| Gm./day 
| (for that 


M., fixed... 

M., oscillating . 

:. O., oscillating . . | 
5. W., fixed 

oscillating. . 


week) 


RECOVERY 


Average Daily | Average Daily 
Balance | Gain through 
through First | First 4 Weeks 

| 4 Weeks Gm. Gm. 


Subject 


0.79 
1.80 
0.64F 
0.317 
1.61 
0.94 


+2.15 
+2.41 
+2.18T 
+1.977 
+2.21 
W.. oscillating .... +2.49 


Total N 
Retention, 
First 3 Weeks | First 4 Weeks | First 5 Weeks 


Total N 
Retention, 
6 Weeks 
Gm. 


Total N 


Retention, 


Total N 
Retention, 


Gm. Gm. Gm. 


8.54 22.12 
37.03 50.40 
13.44 

6.44 14.28 
24.22 45.01 
21.63 26.46 


66.22 


2289 
61.53 
30. 38 


13.29 
34.79 


* Control base-line balance in fixed bed experiment = average of last four control weeks; control base-line balance 
in oscillating bed experiment = average of last three control weeks. 
t Data given for first three weeks, since in this subject in the fixed bed experiment balance studies were carried out 


only through the first three recovery weeks. 


promptly began to retain nitrogen. By 
the end of the third week of recovery E. M. 
had regained all of the nitrogen lost during 
immobilization and thereafter stored ad- 
ditional nitrogen. C. O. and S. W. regained 
nearly all of their lost nitrogen by the end 
of the fifth recovery week. Maximum reten- 


and oscillating bed experiments is presented 
in Figure 3 and ‘Tables 1 and m1. 

2. Calcium: During the control periods 
the subjects were approximately in calcium 
equilibrium. During immobilization there 
was a gradual increase in calcium excretion. 
This increase occurred principally in the 
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+1. 36 —0.81 2 47 40.32 58.31 75.95 | 2nd —3.55 
+0.61 —0.36 0.97 17.43 27.79 33.95 2nd —e 
+1.54 +0. 86 0.68 10,29 16.66 23.80 3rd —0.91 
+1.66 +0.95 0.71 8.05 15.61 24.85 3rd —1.08 
+0.60 —0.82 1.42 20.72 38.43 49.70 
+1.55 | +0.68 0.87 11.90 16.24 30.45 | 2nd | —.69 
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urine, the increase in fecal calcium being 
small and variable. Urinary calcium excre- 
tion increased less rapidly than in the 
fixed bed experiment, and by the third to 
fourth week reached a plateau-like peak 
which was substantially lower than the 
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base-line excretion of each of the subjects 
was somewhat higher in the oscillating bed 
experiment, the rise in urinary calcium 
from the base-line and the total losses of 
calcium in the urine were considerably 
smaller during the immobilization in the 


COMPARISON OF NITROGEN BALANCES 
IMMOBILIZATION IN FIXED AND- OSCILLATING BEDS 
CONTROL BED REST RECOVERY 
GMS. +2 
PER 
24 HRS. 
+1 


| 
CONTROL i 
BASE-LINE 


—— FIXED BSED 
--- OSCILLATING BED 


CONTROL, 
BASE-LINE 


GMS.+2 

PER 

24 HRS. 
+1 


CONTROL. 
BASE-LINE 


6 werk’s W 13 19 


Fic. 3. Comparison of the changes in nitrogen metabolism resulting from im- 
mobilization in fixed and oscillating beds in three normal male subjects. The 
balances are plotted as deviations from the control baseline which in the fixed 
bed experiment was an average of the balances of the last four control weeks 
and in the oscillating bed experiment an average of the last three control 
weeks. In this and in each of the subsequent graphs “‘bed rest” indicates the 
immobilization phase of the experiments. The interrupted vertical line in the 
bed rest area of the graph marks the end of the five weeks during which the 
subjects were immobilized in oscillating beds; this convention has been 
adopted in each of the graphs in order to permit comparison of the metabolic 
and physiologic changes during an equal period of immobilization. ‘‘Fixed 
Bed 1” refers to a two-week period of re-immobilization of subject S. W. in a 
fixed bed following recovery from immobilization in an oscillating bed. 


levels reached during immobilization in 
the fixed bed. For all three subjects the 
maximal urinary calcium excretion (for a 
three- or four-day pooled specimen) ranged 
from 155 to 458 mg. per day with an 
average maximum of 311 mg. as contrasted 
with the maximum urinary calcium excre- 
tion of the same three subjects in the fixed 
bed, of 140 to 594 mg., with an average 
maximum of 362 mg. Since the control 
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oscillating bed. (Table 1v and Fig. 4.) The 
average Maximum increase in urinary cal- 
cium in the oscillating bed experiment was 
121 mg., in the fixed bed experiment 233 
mg. The total losses of calcium in the urine 
during immobilization in the oscillating bed 
averaged only 51 per cent of the total losses 
for the same period of time during immo- 
bilization in the fixed bed. The total losses 
(urinary plus fecal) in the oscillating bed 


a 
| 
-2 
| 
C.0. 
S.W. FIXED 
-1 
-3 
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experiment averaged 46 per cent of the 
total losses in the fixed bed experiment. 
(Table v and Fig. 5.) 

Factors influencing urinary calcium solu- 
bility showed little or no change. Urine 
volumes increased slightly (average daily 


TABLE Il 
COMPARISON OF NITROGEN METABOLISM DURING A TWO 
WEEKS RE-IMMOBILIZATION IN FIXED BED WITH FIRST 
TWO WEEKS OF IMMOBILIZATION IN PREVIOUS FIXED 
AND OSCILLATING BED EXPERIMENTS 
| | 
2 Increase | 
Devia- 
_| above 
tion of N 
| Bal Control 
| Balance ; 
Level of | Total 
urin 
Control | 8 | Average | N Loss 
n 
Daily | during 
Urinary |2 Weeks 
N Out- | Immo- 
biliza- 
tion 


Experiment 
(Subject S. W.) | Balance 


| Gm./ Control 


Base- 
line 
Gm./day 
(for the 
week) 


Fixed bed 1 60 | —2.78 | 2.77 | 20.72 
Oscillating bed...|+1.55 | —1.69 | 11.90 
Fixed bed u —2.27 .72 


* Control base-line balance of second fixed bed ex- 
periment = average of last three periods (18 days) of 
oscillating bed experiment recovery phase. 


urine volumes averaged 250 cc. higher 
during the immobilization periods than 
during the control periods). Urinary pH 
rose between 0.1 and 0.2 units (the slight 
shift toward alkalinity being less favorable 
for calcium solubility). Citric acid excretion 
did not change significantly. These findings 
were the same as were observed in the fixed 
bed experiment. 

During the recovery phase following im- 
mobilization in the oscillating bed calcium 
excretion receded toward control levels 
more rapidly than it did in the fixed bed 
experiment. In two of the subjects, C. O. 
and S. W., retention began at the second 
to third week and gradually became more 
marked throughout the five to six weeks 
during which recovery was studied. In 
E. M. calcium excretion approximately 
reached control levels at the third week but 
no appreciable calcium retention occurred. 

The re-immobilization of subject S. W. 
for two weeks in a fixed bed resulted in a 
rise in urinary calcium at approximately 
the same rate as during his first immobiliza- 
tion in the fixed bed. ‘The control base-line 
for this second fixed bed experiment was 
not at a closely comparable level to the con- 
trol base-lines of the previous experiments 


TABLE IV 
COMPARISON OF URINARY CALCIUM EXCRETION DURING FIVE WEEKS IMMOBILIZATION IN FIXED AND 
OSCILLATING BEDS 


Control 


Five-week Period of Immobilization 


Control 
Base-line 
Urinary 
Calcium 
Output* Output 
Gm./day | Gm. 


Average 
Daily 
Urinary 


Subject 


| 


Increase above | 
| Control Base-line | 
| of Average Daily 
Calcium | Urinary Calcium 


Maximum Urinary Calcium 


Total 
Urinary 
Calcium 
Loss Week of 


Deviation 
from 
Control 

Base-line 


Gm./day 


Maximum 
(for that 
week) 
Gm./day 


Gm. Occurrence 


0.050 
0.096 
0.116 
0.223 
0.213 
0.252 | 


0.100 
0.130 
0.274 
0.284 
0.494 
0.382 


M.., oscillating 

freed... J 
C. O., oscillating | 
>. W., fixed... .. 
S. W., oscillating | 


0.069 
0.053 
0.203 
0.083 
0.364 
0.193 


4th 0.119 
5th 0.149 
5th 0.319 
3rd 0.306 
5th 0.577 
5th 0.445 


* Control base-line urinary calcium output in fixed bed experiment = average of last four control weeks; control 
base-line urinary calcium output in oscillating bed experiment = average of last three control weeks. 
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a | 2nd | Gm. 
| | Week 
| | Gm. / 
| day | 
| | 
| | 
| | 
| | 
Gm. 
| 
E. M., fixed..... 0.050 
| 0.034 |} 1.19 
| 0.158 ) 5.53 
| 0.061 2.13 
| 0.281 | 9.84 | 
0.130 4.55 | 


COMPARISON 
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URINARY CALCIUM EXCRETION 


IMMOBILIZATION IN FIXED AND OSCILLATING BEDS 


MG 
PE 
24 HRS. 
200} 
1100 
961 55 
501 9 


mom250 
PER 
24 HRS. 
350} 250 
{ 


M. 
HR 


CONTROL BEO REST RECOVERY 


{ 
220j 120 


252 213 


— FIXED BED 
-- OSCILLATING BED 


2001 


ret 


100 


Fic. 4. Comparison of the changes in the urinary excretion of calcium resulting 
from immobilization in fixed and oscillating beds in three normal] male subjects. 
The ordinate scales for urinary calcium excretion (in mg. per twenty-four hours) - 
have been placed so that the control baselines of the fixed and oscillating bed ex- 
periments are superimposed. The control baseline urinary calcium excretion for 
the fixed bed experiment was an average of the outputs of the last four control 
weeks, for the oscillating bed experiment an average of the outputs of the last 
three control weeks; for the re-immobilization of subject S. W. in a fixed bed 
(Fixed Bed 1) the control baseline was an average of the last two periods (eleven 
days) of the oscillating bed experiment recovery phase. 


OF 


TABLE V 


IN FIXED AND OSCILLATING BEDS 


TOTAL CALCIUM METABOLISM DURING FIVE WEEKS’ IMMOBILIZATION 


Subject 


Five-week Period of Immobilization 


Recovery Period 


Average 
Daily 
Balance 


Gm. 


* 


Maximum Deviation 
from Control 
Base-line 


Total Ca 
Loss 
during 
Immo- 
bilization 
(A) 
Gm. 


Average 
Daily 
Loss 
Gm. 


Average 
Daily 
Balance 
Gm. 


Deviation 

Gm./day 

(for that 
week) 


Week of 
Occur- 
rence 


No. of 
Weeks of 
Addi- 
tional 
Calcium 
Loss 


Total 
Addi- 
tional 
Calcium 
Loss 
during 
Recovery 
(B) 
Gm. 


Total 
Calcium 
Deficit 
(A + B) 
Gm. 


+0.131 
+0.055 
+0.130 
+0.010 
+0.081 
+0.101 


5th 
5th 
5th 
5th 
5th 
4th 


—0.026 
—0.024 
—0.108 
—0.058 
—0.253 
—0.098 


—0.280 
—0.175 
—0.329 
—0.157 
—0.500 
—0.278 


0.157 
0.079 
0.238 
0.068 
0.334 
0.199 


5.50 
2.76 
8.33 
2.38 
11.69 
6.96 


8.26 
4.13 
10.37 
16.94 
8.35 


* Control base-line balance in fixed bed experiment = average of last four control weeks; control base-line 
balance in oscillating bed experiment = average of last three control weeks. 
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because some calcium retention was still 
going on six and one-half weeks following 
the immobilization in the oscillating bed. 
However, the prompt and marked increase 
in urinary calcium when S. W. was again 
placed in a fixed bed is evident. (Fig. 4.) 


phorus began to increase promptly during 
immobilization and reached a peak at the 
second week, coinciding closely with the 
peak of urinary nitrogen excretion. A second 
peak of phosphorus excretion occurred at 
the fourth to fifth weeks at the time when 


COMPARISON OF CALCIUM BALANCES 
IMMOBILIZATION IN FIXED AND OSCILLATING BEDS 


CONTROL 
GMS.+0.2) 

PER | 

24 HRS 


CONTR 


BED REST 


RECOVERY 


— FIXED BED 
--- OSCILLATING BEO 


OL 


-0.14 


6 


19 


Fic. 5. Comparison of the changes in calcium metabolism resulting from im- 
mobilization in fixed and oscillating beds in three normal male subjects. The 
balances are plotted as deviations from the control baseline which in the fixed 
bed experiment was an average of the balances of the last four control weeks and 
in the oscillating bed experiment an average of the last three control weeks. 


This increase was twice as great as occurred 
during the same length of time in the 
oscillating bed. (Table v1.) 

3. Phosphorus: During the control phase 
the subjects maintained small positive 
balances as related to intake. During im- 
mobilization there was an increase in both 
urinary and fecal phosphorus excretion; 
the increase in fecal phosphorus, however, 
was very small and variable. Urinary phos- 


calcium excretion was at maximum levels. 
During recovery phosphorus excretion fell 
rapidly to levels below the control base-line, 
greatest retention of phosphorus occurring 
at the third to fourth recovery weeks. 

The total amounts of phosphorus lost 
during the five weeks’ immobilization in the 
oscillating bed were significantly less than 
resulted in the fixed bed in two of the three 
subjects. (Table vu.) In E. M. and C. O. 
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TABLE VI 
COMPARISON OF URINARY AND TOTAL CALCIUM METABOLISM DURING TWO WEEKS’ RE-IMMOBILIZATION 
IN FIXED BED WITH FIRST TWO WEEKS OF IMMOBILIZATION IN PREVIOUS FIXED AND OSCILLATING 
BED EXPERIMENTS 


Control | Two-week Period of Immobilization 


| 
Maximum Urinary | 

Calcium 
Average | Deviation 


Control Daily . | of Ca Total 
| Total of Calcium 


Urinary | ond Week 


Experiment | 
(Subject S. W.) | Base-line | Control Urinary Maximum, 
. | | 


Urinary | Base-line | Calcium Derived 
Calcium | Balance Output | from a 3- or 
Output Gm. /day during | 4-day Pooled G Fecal) 
2nd Week | Urine Speci- B Base-line 
Gm./day | men (during eux tie Gm./day 
2nd week) 
Gm. /day 


Deviation | Calcium 


from 
from Loss plus 


Fined bedt.....| 0.213 | +0.081 0.486 0.488 0.275 2.674 —0.255 | Sah 
Oscillating bed. | 0.252 | +0.101 0.355 0.361 0.109 0.910 | —0.111 | 1.526 
Fixed bed 1... .| 0.168* +0.235** 0.383 0.452 | 0.284 2.009 —0.300 | 2.786 


| 

| 
| | | 
* Control base-line urinary calcium output of second fixed bed experiment = average of last two periods (11 days) 


of oscillating bed experiment recovery phase. 
** Control base-line balance of second fixed bed experiment = average of last three periods (18 days) of oscillating 


bed experiment recovery phase. 


TABLE VII 
COMPARISON OF PHOSPHORUS METABOLISM DURING FIVE WEEKS’ IMMOBILIZATION 
IN FIXED AND OSCILLATING BEDS 


Control Five-week Period of Immobilization 


Maximum Deviation 
Total from Control Base-line 
Phosphorus | 
Loss 


| 


| 
Subject Average | Average | Average | Wann | 
| | | 
| | | | (Urinary Deviation 
| Gm. Gm | Plus Fecal) | Week of Gm./day 
| sateen | Gm. Occurrence (for the 


week) 


Phosphorus 
Loss 


2nd 
E. M., oscillating...) +0.151 | 1st | 235 
G,. ©; +0.278 | | | 4th | .188 


C. O., oscillating ...| +0.191 | | | 1st 142 


| 3rd .370 
| 2nd . 256 
| | 4th . 288 
| | | 
* Control base-line balance in fixed bed experiment = average of last four control weeks; control base-line 
balance of oscillating bed experiment = average of last three control weeks. 
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+0.169 
S. W., oscillating +0.189 


| | 
| 
| | 
| | 
| | | | 
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the losses of phosphorus in the urine during 
immobilization in the oscillating bed were 
70 per cent and 61 per cent, respectively, 
of the amounts lost by these two subjects 
in the urine during immobilization in the 
fixed bed; the total losses (urinary plus 
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in the fixed bed and during the first two 
weeks of immobilization in the oscillating 
bed and first fixed bed experiments were 
also nearly identical in this subject. 

4. Total sulfur: The ratio of urinary total 
sulfur to urinary total nitrogen during the 


TABLE VIII 


RATIO OF URINARY NITROGEN 


TO URINARY TOTAL 


SULFUR 


(OSCILLATING BED EXPERIMENT) 


Subject E. M. 


| Average | 
Dally 

| | Urinary 

y | Total 

| Nitrogen | Sulfur 

Gm. | 


Periods 


Control 


Last four weeks 0.912 


0.823 
.826 
.842 


Average of last 
3 control weeks. .... .| 

Immobilization 
4th week 

5th week 


44 | 


15 


Recovery 
4th week 
5th week 


.77 
10.70 
10.79 
10.92 


0.765 
0.686 
0.733 
0.735 
0.692 


14.88 | 
14.56 | 


| Average 
Daily 

Urinary 
Nitrogen 


12. 
i2. 
12. 


11 


11 
10 


10. 
10. 


9 


Subject C. O. Subject S. W. 


Average 
Daily 
Urinary 
Total 
Sulfur 
Gm. 


| | Average 
| “Daily 
| Urinary 
Sulfur | Nitrogen 


16.55 | 
16.24 | 


15.26 
15.92 
14.96 
14.78 


11.86 


15.22 


. 64 
69 
85 
34 
.70 


. 740 
. 762 
.778 


15.74 
| 16.65 
| 16.52 


15.03 
15.27 
14.80 
15.66 
14.99 


.60 
37 
03 | 


91 | 


15.14 
14.48 
15.26 
15.00 
15.06 
14.62 


0.705 
0.686 
0.693 
0.688 
0.680 


fecal) were 49 per cent and 65 per cent, 
respectively, of the total amounts lost during 
immobilization in the fixed bed. In S. W. 
the total phosphorus loss (urinary plus 
fecal) during the five weeks’ immobilization 
in the oscillating bed exceeded the total loss 
during five weeks in the fixed bed by 9 per 
cent. The amounts lost in the urine by this 
subject were nearly identical for five weeks’ 
immobilization in both experiments; the 
amounts of phosphorus lost in the urine 
during the two weeks of re-immobilization 


last three control weeks was 1:15.4 for 
E. M., 1:15.8 for C. O. and 1:15.2 for 
S. W. As in the fixed bed experiment, this 
sulfur: nitrogen ratio was maintained quite 
constantly from week to week throughout 
the immobilization and recovery period, 
suggesting a sulfur rich source for the 
excreted nitrogen, presumably muscle in 
large measure. (‘Table vu.) 

5. Potassium: During the control phase 
the subjects were approximately in potas- 
sium equilibrium. During the first week or 
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N:S N:S 
Ratio | Ratio 
Gm. | | sm. | | 
| | | | | | | | 
a | | | | | 
Ss 15.44) (11.30 | 0.683 | 11.94 | 0.783 | 
| 12.67 | 15.39 | 10.48 | 0.645 | mm 0.745 | 
| 12.95 | | 15.68 | 11.93 | 0.759 | 15.73 | 11.29 | 0.755 
| 12.72 | | 15.13 | 11.73 | 0.759 | 15.48] 11.66 | 0.790 
| | | | | | 
12.78 | 0.830 | 15.40 | 11.38 0.721 | 15.80 | 11.61 0.7633 | = 
12.57 0.797 | 15.78 | i 0 | 11.56 0.770 
14.81 0.888 | 16.69 | 0 | 13.36 0.875 
14.27 0.884 | 16.13 | | 0 | 12.55 | 0.848 
13.34 0.883 | 15.12 | | 0 | 15.93 | 13.15 | 0.840 
13.04 0.845 | iim” m | 0 | 15.48 | 12.51 | 0.835 
| | 
| 1 15.39 | i | 16.10 | 11.93 0.788 
| | 15.60 | | 15.47 | 10.12 0.700 
| 14.73 | | 14.97 | 10.37 | 0.680 
| 14.60 | 11.29 | 0.753 
| 14.60 | 11.36 | 0.755 
| | 11.30 0.773 | 
| 


first two weeks of immobilization potassium 
excretion increased in all three subjects. 
Thereafter there was wide variation among 
the subjects. In E. M. the excretion of 
potassium remained elevated throughout 
the immobilization period declining toward 
equilibrium during the last two weeks; his 
total loss of potassium was 7.63 Gm. In 
S. W. potassium was lost during the first 
three weeks of immobilization and retained 
during the last two weeks, yielding a net 
loss of 1.75 Gm. C. O. exhibited a marked 
potassium retention during the last three 
weeks of immobilization so that his overall 
balance for the five weeks was +6.3 Gm. 
In spite of these marked individual varia- 
tions in potassium excretion, the balances 
of all three subjects were less negative dur- 
ing immobilization in the oscillating bed 
than during the same length of time in the 
fixed bed. 

6. Sodium: During immobilization sodium 
excretion increased slightly. The increase 
occurred only in urinary excretion, fecal 
excretion remaining less than 0.04 Gm. 
daily during all phases of the experiment. 
The total losses of sodium ranged from 
3.85 Gm. to 8.75 Gm. during five weeks’ 
immobilization. 

During recovery sodium excretion dimin- 
ished to control levels. In two subjects 
sodium retention did not occur. In the third 
subject retention occurred only during the 
first two recovery weeks. 

Sodium balance studies had been carried 
out in both the fixed and oscillating bed 
experiments in only one subject, S. W. In 
this subject the total sodium loss was 6.72 
Gm. during five weeks in the fixed bed, 
8.75 Gm. during five weeks in the oscillating 
bed. 

7. Creatine metabolism: As in the fixed bed 
experiment, urinary creatinine excretion 
remained quite constant throughout all 
periods of study. Creatine excretion showed 
day to day fluctuations at a low level 
(dietary intake not creatine-free), but no 
significant shifts occurred from one phase 
of study to the next. However, the decreases 
in creatine tolerance occurring as a result 
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of immobilization were significantly altered 
by the use of the oscillating bed. Although 
creatine tolerance also declined progressively 
during the immobilization stage of this ex- 
periment, the extent of decline was con- 
siderably less than during immobilization 


TABLE IX 
COMPARISON OF CREATINE TOLERANCE TESTS (PER CENT 
RETENTION OF FED CREATINE) IN FIXED BED AND 
OSCILLATING BED EXPERIMENTS 


Subject E. M. | Subject C. O. Subject S. W. 
Periods 
Fixed | | Fixed | | Fixed | 
Bed ae Bed Bed 
Control 
last six 88 91 
100 98 84 
99 98 91 99 |° 89 
97 100 100 
100 98 100 80 100 
Immobilization 
ist week..... 83 82 
2nd week..... Bas 87 29 93 46 
3rd week..... 56 26 64 
4th week..... 76 88 50 81 48 73 
5th week..... sais 81 24 42 44 73 
6th week..... 70 13 
Recovery 
fat: week... 70 27 
2nd week..... 98 73 84 
3rd week..... 91 100 90 100 ee 99 
4th week..... 100 95 100 
5th week..... ae 100 er 95 98 89 
6th week..... 100 93 


in the fixed bed experiment. (Table 1x.) 
The lowest percentages of creatine retention 
in tests of creatine tolerance during im- 
mobilization in the oscillating bed were 81 
per cent, 42 per cent and 64 per cent for 
E. M., C. O. and S. W., respectively. Dur- 
ing the same period of immobilization in 
the fixed bed the lowest percentages of 
retention were in the same order 70 per 
cent, 24 per cent and 13 per cent. 

8. 17-Ketosteroids: The excretion of 17- 
ketosteroids over the entire period of im- 
mobilization gave average values which 
were not significantly lower than those for 
the control and recovery periods. There 
was in all three subjects a slight and 
questionably significant reduction toward 
the end of the immobilization period. The 
absence of any correlation between the 


| 
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changes in nitrogen excretion and 17- 
ketosteroid excretion is evident in ‘Table x. 

In the previous immobilization study 
only one subject, E. M., had shown a 
significant decrease in 17-ketosteroid excre- 


TABLE X 
URINARY 17-KETOSTEROID EXCRETION (ANALYSES OF 
SEVEN-DAY POOLED URINE SPECIMENS) AND COM- 
PARISON WITH TOTAL NITROGEN EXCRETION— 
OSCILLATING BED EXPERIMENT 


| 
Subject E. M. | 


Subject C. O. Subject S. W. 


| 
Nitro- 
| gen 
Periods 17-keto- /17-keto-| 
steroids | steroids 


day 7m. / Gay Gm./ 


Control 
ist week ES 
2nd week.....| 11.05 | 12.86 
3rd week | 8.82 | 13.61 | 11.05 | 11.98 | 
4th week .30 | 14.17 | 9.35 | 13.15 | 
Sth week... 3 | 13.74 | 11.80 | 13 12 | 


Average of last 3 
control weeks. 


13.84 10 


Immobilization 
ist week... .. | 14.20 
2nd week .50 | yf 13.50 | . 
3rd week.... 5.32 : | 13.87 | 10.80 ie 
4th week | 10.01 | 14.5 
5th week.... | 10.64 | 13 


Average of im- | 
mobilization 
10.65 | 22.83: 1:13.95 


Recovery 
ist week...... . 2.70 | 10.75 | ; | 11.85 13. 
2nd week. .... .83 | 10.50 | 33 10.70 11 
3rd week.... 11.60 | 
4th week. ne .92 | 11.05 
5th week... : mx. 12.72 | 
6th week. 
Average of 


tion during the period of immobilization 
in the fixed bed. 

9. Other factors in the urine: Urinary specific 
gravity measured daily did not change 


significantly during the various periods of 


study. On fairly constant fluid intake levels, 
averaging approximately 2,300 cc. daily, 
the average daily urine volumes among the 
three subjects were approximately 250 cc. 
higher during immobilization than during 
the control phase. An increase in urine 
volume of the same extent occurred during 


the immobilization period in the fixed bed 
experiment. 

10. Blood chemistry studies: ‘There were no 
significant changes in the blood levels of 
total proteins, phosphorus, sodium and 
potassium during immobilization in _ the 
oscillating bed. 

During immobilization in the fixed bed 
elevations in serum calcium levels were 
observed in all four subjects. In the present 
experiment changes in serum calcium were 
less striking. (Table x1.) In two of the 
subjects (E. M. and S. W.) the average 
serum calcium levels during immobilization 
were slightly higher than the average levels 
during the control phase. 

B. Physiologic Studies. 1. Basal metabolism. 
Tests of the basal metabolic rate showed a 
decline among all three subjects during 
immobilization which ranged from 0.9 to 
1.4 calories per square meter per hour. This 
represents a bare 3.4 per cent average re- 
duction in basal oxygen consumption during 
immobilization in the oscillating bed. In 
the fixed bed experiment for these three 
subjects a 5.1 per cent reduction was found 
in basal metabolism during immobilization. 
In the recovery phase following immobiliza- 
tion in the oscillating bed, basal metabolism 
returned to control levels in two to three 
weeks. 

Determinations on two subjects while the 
bed was cscillating did not show a significant 
difference between oxygen consumption 
during oscillation and in the stationary 
horizontal position. Oscillation at the speed 
employed appeared not to increase oxygen 
consumption in the basal state in the limited 
number of determinations carried out. 

2. Muscle strength: Comparison of the 
decreases in muscle strength during five 
weeks’ immobilization in the fixed and 
oscillating bed experiments revealed that 
in the oscillating bed there was a smaller 
reduction in muscle strength particularly 
in the immobilized leg muscles. 

Strength of the biceps muscle groups 
showed an average decline among the three 
subjects of a little less than 5 per cent in 
each experiment. Strength of the shoulder 
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day day day 
11.50 | 13.59 
12.10 | 12.97 
13.05 | 12.81 
11.70 | 12.85 
9.02 | 73 | 12.75 | 12.28 | 12.88 
9 
1 
27 
48 
66 
51 
59 
54 
34 
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and arm muscles tested by the straight arm 
pull showed an average decline of 8.2 per 
cent during five weeks in the fixed bed and 
3.4 per cent in the oscillating bed. In the 
leg muscles the strength of the anterior 
tibial muscle groups declined on an average 
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3. Girth of extremities: Girth of the thighs 
and calves decreased during the five weeks’ 
immobilization in the oscillating bed to a 
slightly smaller extent than they had 
decreased during the same length of time 
in the fixed bed. 


TABLE XI 
CHANGES IN SERUM CALCIUM LEVELS DURING IMMOBILIZATION IN OSCILLATING BED 


Control 


Range and | 

Average | 

Value | 
Mg./100 cc. 


Subject No. of 


Determina- 
tions 


| * No. of | 
| Determina- | 


tions | 


| 11.2 
(10.6-11.8) 
12.3 
(11.9-13.0) 
10.7 
(10.5-11.1) 


Five Weeks’ Immobilization 


Mg./100 cc. | 


Recovery 


| 
| 
| 
| 


Range and 
Average 
Value 
Mg./100 ce. 


| Determina- 
tions 


Occurrence 
of Maximal 
Value 


(12.2-12.6) 


(11.8-12.7) 


11.6 
(11.5-11.8) 
11.5 
| (11.5-11.6) 

11.1 3rd 10.7 
(9.4-12.3) | (10.3-11.1) 


| 
12.4 | 3rd 
| 


14.3 per cent in the fixed bed and 9.2 per 
cent in the oscillating bed. The decline in 
strength of the gastrocnemius-soleus muscle 
groups in the fixed bed ranged from 13.2 per 
cent to 26.6 per cent with an average decline 
of 20.2 per cent; in the oscillating bed the 
decline in strength ranged from 10.9 per 
cent to 23.8 per cent with an average decline 
of 15.6 per cent. 

In the recovery phase of the oscillating 
bed experiment approximately three weeks 
were required for muscle strength to return 
to control levels. The time required for 
recovery of muscle strength was slightly 
longer (approximately four weeks) follow- 
ing immobilization in the fixed bed. 

The re-immobilization of S. W. in a fixed 
bed for two weeks resulted in a decline of 
10 per cent on the average in the strength 
of the anterior tibial and gastrocnemius- 
soleus muscle groups. During the first two 
weeks of immobilization in the first fixed 
bed experiment the average decline in 
strength of these muscle groups was 11 per 
cent, but during the same period of time in 
the oscillating bed the decline in strength 
was only 2 per cent. 
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Analysis of the decreases in the girth of 
the ‘iighs in the two experiments revealed 
differences which, though not statistically 
significant, were all in the direction of 
smaller decreases in girth in the oscillating 
bed. Analysis of the ca/f measurements of 
subject S. W., all of which were made with 
the accurate device previously described,' 
revealed significantly smaller decreases in 
the oscillating bed experiment. The girth 
of the calves in S. W. decreased by 4.2 per 
cent in the oscillating bed and by 5.7 per 
cent during five weeks in the fixed bed. In 
subjects E. M. and C. O. measurements 
made during the fixed bed experiment were 
not strictly reliable since they were made 
with a narrow steel tape. However, in each 
leg of both subjects the decreases in girth 
of the calves were consistently smaller in 
the oscillating bed experiment although in 
subject C. O. the differences were very 
slight. 

Comparison of the girth measurements of 
S. W. during the two weeks’ re-immobiliza- 
tion in the fixed bed with the first two weeks 
of immobilization in the previous fixed and 
oscillating bed experiments showed approxi- 


| Range and | Week of | 
| Average | | 
| 
| | 
| 
| 
| 
E. M. 2 | 
3 
| 
S.W. | 3 | 5 | 
| 
| 
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mately equal decreases in thigh and calf 
circumferences in all three experiments. 

4. Tilt table: Use of the oscillating bed 
during immobilization tended to prevent 
deterioration of the mechanisms essential 
for circulatory control in the erect position, 
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was reached at which circulation became 
impaired, dizziness and pallor appeared 
and fainting followed shortly thereafter. 
Figure 6 presents a comparison of the 
results of tilt table tests in the fixed and 
oscillating bed experiments, showing the 


COMPARISON OF TILT TABLE TESTS 
IMMOBILIZATION IN FIXED AND OSCILLATING BEDS 
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Fic. 6. Comparison of the effect of immobilization in fixed and oscillating beds 
on the results of tilt table tests, showing the number of minutes in the tilted 
position (65 degrees feet downward) required for the pulse pressure to fall to 


critical levels of 10 to 12 mm. of Hg. 


which had been found to occur during im- 
mobilization of the same subjects in fixed 
beds. This effect of the oscillating bed was 
indicated by the uniformly improved reac- 
tion of the subjects’ circulation and de- 
creased tendency to faint in tilt table tests. 

Analysis of tilt table tests performed 
during the fixed bed experiment and corre- 
lation of the data on pulse rate and blood 
pressure with the observed general reactions 
of the subjects indicated that the pulse 
pressure was the most important factor 
involved in the response of the circulation 
to tilting. With the subject standing in the 
upright position on the tilt table it was found 
that when the pulse pressure fell to between 
10 and 12 mm. of mercury, a critical level 


number of minutes required for the pulse 
pressure to fall to the critical levels of 10 to 
12 mm. when the subjects were tilted to 
65 degrees, feet downward. In the fixed bed 
experiment, during the immobilization phase 
some impairment of circulatory control be- 
gan to take place within one week, and the 
number of minutes required to reach 
critical pulse pressure levels became mark- 
edly reduced within two to three weeks so 
that actual fainting frequently occurred. 
In the oscillating bed experiment during 
the immobilization phase circulatory con- 
trol was maintained almost at the control 
level. In the recovery period circulatory 
control on the tilt table fully returned to 
the control level within two weeks in this 
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experiment whereas three to four weeks 
were required in the fixed bed experiment. 

The re-immobilization of S. W. in a 
fixed bed for two weeks brought about 
essentially the same degree of circulatory 
deterioration as had occurred during im- 
mobilization in the first fixed bed experi- 
ment, only six to eight minutes being 
required for critical pulse pressure levels 
to be reached. 

Tiny purpuric hemorrhages in the skin 
of the feet and legs had occurred in all three 
subjects in tilt table tests during the latter 
part of the immobilization phase in the 
fixed bed experiment. However, in the 
oscillating bed experiment no _petechial 
hemorrhages appeared in any subject. 

5. Blood volume: The fall in plasma volume 
and total blood volume during immobiliza- 
tion was almost identical in the fixed and 
oscillating bed experiments. ‘The decreases 
in blood volume averaged slightly less 
during the immobilization in the oscillating 
bed but not significantly so. 

In the fixed bed experiment during im- 
mobilization the average decrease in plasma 
volume in the three subjects was 217 cc. 
or 6.9 per cent, in total blood volume 
295 cc. or 5.7 per cent. In the oscillating 
bed the average decrease in plasma volume 
was 190 cc. or 5.9 per cent, in total blood 
volume 234 cc. or 4.3 per cent. 

Re-immobilization of S. W. for two weeks 
in a fixed bed brought about a 5.0 per cent 
decrease in plasma volume and 5.2 per cent 
decrease in total blood volume. 

6. Circulation time: Decholin and macasol 
circulation times showed no changes during 
immobilization in either the fixed or oscil- 
lating bed experiments. 

7. Blood coagulation studies: Studies em- 
ployed on all three subjects were coagulation 
time as determined by the Lee-White 
method and prothrombin time by a modi- 
fication of the method of Herbert. Coagula- 
tion times following the injection of 1 cc. of 
heparin intravenously both by the Lee- 
White and capillary tube methods were 
carried out at approximately two-week 
intervals on subject S. W., and prothrombin 
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time determinations by the Link-Shapiro 
method were carried out every other day 
during the week preceding and the two 
weeks of re-immobilization of S. W. in a 
fixed bed. None of these studies indicated 
a significant influence of bed rest upon blood 
coagulation. 

8. Exercise tolerance tests: As in the fixed 
bed experiment Master tests showed a 
decrease in exercise tolerance following 
immobilization. The recovery of exercise 
tolerance to control levels required three 
to four weeks following the immobilization 
in the oscillating bed as against four to six 
weeks following the immobilization in the 
fixed bed. 

9. Heart size: Kymograms of the chest 
failed to reveal any significant changes in 
heart size during this experiment. With 
this technic, as with the standard chest x-ray 
technic employed in the fixed bed experi- 
ment, there was considerable variation in 
the apparent size of the heart. 

10. Electrocardiograms: Electrocardiograms 
taken in the resting horizontal position dur- 
ing control and immobilization periods 
showed that during immobilization the 
heart rate was slightly increased and T: 
decreased in height between 1 and 3 mm. 
These changes were similar to those which 
occurred during immobilization in the 
fixed bed. 

11. Resting pulse rate and blood pressure: 
During immobilization in the oscillating 
bed the resting pulse rate increased on an 
average 3.0 beats per minute (4.3 beats per 
minute in the fixed bed). During the first 
three weeks of recovery there was an addi- 
tional average increase of 3.1 beats per 
minute, (3.7 beats in the fixed bed). After 
the third recovery week in both experiments 
the resting pulse rate declined toward the 
control level. In the oscillating bed experi- 
ment the control level was reached at ap- 
proximately the fifth recovery week; in the 
fixed bed experiment the resting pulse rates 
had not quite reached the control level by 
the end of the sixth week. 

Resting arterial systolic and diastolic 


‘ 
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blood pressures did not change significantly 
in either experiment. 

12. Hematocrits and blood counts: No signi- 
ficant changes attributable to immobiliza- 
tion occurred in hematocrits, blood cell 
counts or hemoglobin estimations. There 


TABLE XII 
CHANGES IN BODY WEIGHT DURING THE OSCILLATING BED 
EXPERIMENT 


Control | Immobilization Recovery 


Weight 
Change 
(Last 
Three 
Weeks) 
Kg. 


Subject | Weight 


Change 
Kg. 


No. of 
Weeks 


—0.4 
+0.4 
—0.8 


was a gradual fall in hematocrits through- 
out the experiment ranging from 2.3 to 3.3 
volumes per cent, which may be partially 
accounted for by the withdrawal of blood 
for chemical studies. 

13. Body weight: As in the fixed bed ex- 
periment changes in body weight were 
small during the various periods of study. 
(Table xn.) 

14. Various observations of circulation and 
respiration during oscillation: An indication of 
the effect of oscillation upon the venous 
circulation of the legs and upon the venous 
return of blood to the heart may be ob- 
tained from the continuous direct measure- 
ments of venous pressure in the foot veins 
during oscillation. The average change in 
venous pressure in subject C. O.’s dorsal 
foot vein with each change in position of 
the bed was 136 mm. of water, and in 
subject S. W.’s dorsal foot vein 148 mm. of 
water. Observations of foot veins during 
oscillation revealed that the veins filled in 
the foot-down position and emptied in the 
horizontal. Measurements of foot vein to 
tongue or carotid circulation time were 
not made. 

There was a constant rhythmical varia- 
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tion in the pulse rate of the subjects during 
oscillation, the pulse rate being slowest in 
the horizontal position, speeding up gradu- 
ally as the bed tilted, being the most rapid 
at the maximum foot-down position then 
decreasing gradually as the bed rocked 
back to the horizontal position. The pulse 
rate was approximately 10 to 12 beats per 
minute, more rapid in the foot-down posi- 
tion than in the horizontal position. 

Tracings of the respiration of the subjects 
during oscillation made with a pneumo- 
graph and with a spirometer showed 
changes in the average level or position of 
the diaphragm with each change in posi- 
tion of the bed. As the bed tilted into the 
foot-down position, the diaphragm and rib 
cage shifted gradually into a definite in- 
spiratory position; as the bed rocked back 
to the horizontal position, the diaphragm 
and rib cage shifted gradually back to the 
original mid-position. Despite these shifts 
in the position of the diaphragm, minute 
ventilation at rest was not greater during 
oscillation than in the stationary horizontal 
position. 


PSYCHOBIOLOGIC EFFECTS OF IMMOBILIZATION 
IN AN OSCILLATING BED* 


The three subjects of this experiment, 
none of whom had a major psychiatric 
disorder, were studied to determine the 
psychobiologic effects of immobilization in 
an oscillating bed. Data were collected by 
psychiatric interviews and recorded on a 
check list of daily experiences. The list 
contained sixty-five items relating to physi- 
cal and mental activity and energy, psy- 
chosomatic reactions, mood changes, sleep, 
sexual behavior and reactions to doctors, 
nurses and visitors. 

The data revealed that the reactions to 
immobilization were markedly variable 
from subject to subject, both in pattern and 
degree, and were expressions of the subject’s 
dominant personality traits. 

A subject’s immediate reaction to im- 

*From the Department of Medicine (Neurology), 


Cornell University Medical College. This work was 
carried out by Dr. Keeve Brodman. 
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Weeks 
E. M. 5 —0Q.7 5 +1.2 
<2. 5 +1.1 5 —0.2 
S. W. > —1.2 6 —0.7 


mobilization (such as dependency, aggres- 
sion or suppression of all emotion) was 
similar to that experienced in other situa- 
tions of stress and danger, each subject 
according to his own dominant personality 
traits. These reactions occurred most mark- 
edly during the two days early in the control 
period when the cast was fitted, again 
during the first forty-eight hours of im- 
mobilization and once more during the 
first few days after the cast had been 
removed. In the five weeks of immobiliza- 
tion each subject manifested, either overtly 
or indirectly, some signs of anxiety, hostility 
and increased sexual tension. Changes also 
took place in mental activity, physical 
activity and the sleep pattern. Complaints 
of physical discomfort such as impaired 
sleep and stiffness and soreness of the mus- 
cles were minimal and were rarely expressed 
after the first week. Stiffness of the knees 
occurred in one subject; this was slight and 
was present only during the final week in 
the cast. 

Certain physiologic phenomena, such as 
decrease in appetite, generalized weakness 
and increased fatigue on exertion were 
clearly less marked than they had been in a 
previous immobilization in a fixed bed. In 
recovery mild dizziness was noted only 
momentarily, unsteadiness of the legs lasted 
to the third recovery day, and weakness of 
the legs for ten days. The subject who 
reported stiffness of the knees during the 
final week in the cast continued to have it 
to a slight degree for three weeks in re- 
covery; this was the same subject who 
following immobilization in the fixed bed 
had noted knee stiffness and soreness for 
several months. The reduction in intensity 
of these physiologic phenomena is associ- 
ated with both psychosomatic factors and 
the effects of oscillation on the circulation. 

In all instances these reactions were 
markedly less than had been noted one year 
previously when each of the three subjects 
was immobilized in a fixed bed. Since these 
reactions are similar to those the subjects 
experienced in other situations of stress and 
danger and since in their first experience 
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the subjects had discovered that immobiliza- 
tion was not really to be feared, it would 
seem that the relative mildness of the 
reactions in the oscillating bed was related 
to the fact that this was a second experience 
with immobilization and not that the bed 
oscillated. This interpretation is borne out 
by odservations on a subject (S. W.) who, 
after having been in a fixed bed and then 
in an oscillating bed, was immobilized for 
a third time in a fixed bed. In this third 
experience, with the exception of muscle 
stiffness, he had even milder reactions than 
in the oscillating bed. 


COMMENTS 


It would appear from these studies that 
motion of an oscillating bed of the Sanders 
type modifies favorably or prevents in large 
measure many of the metabolic and physi- 
ologic consequences of immobilization of 
the healthy adult. In Sanders’ description 
of such a bed in 1936 its use was recom- 
mended as an adjuvant in the treatment of 
congestive heart failure and _ peripheral 
vascular disease,'! and the bed since then 
has been used principally in the treatment 
of occlusive arterial disease of the extremi- 
ties!7~2° and to some extent of phlebo- 
thrombosis and thrombophlebitis.?""?? The 
present study would suggest that the oscil- 
lating bed might also be of benefit in the 
management of patients who by the nature 
or severity of their illness are condemned 
to many weeks of relative immobility. 

Influence of Oscillating Bed on Nitrogen 
Metabolism. Nitrogen losses from immo- 
bilization were reduced by approximately 
50 per cent in two of the three subjects. 
There was an associated reduction in the 
loss of the muscle mass of the legs and in the 
extent of impairment of muscle strength 
and creatine metabolism as indicated by 
the creatine tolerance test. In the third 
subject (C. O.) the nitrogen loss was 


rather small in both the fixed and oscillating 
bed experiments. The oscillating bed was 
less effective in preventing impairment of 
muscle mass and strength, the decreases 
in both being approximately those experi- 


& 


702 Effects of Oscillating Bed— Whedon et al. 


enced during his previous immobilization 
in the fixed bed. 

Correlation of Changes in Nitrogen Metabolism 
with Concomitant Changes in Sulfur, Phosphorus 
and Potassium. It has been of interest to 
determine whether the alterations in nitro- 
gen metabolism observed in these studies 
could be correlated with changes in other 
protoplasmic constituents, such as sulfur, 
phosphorus and potassium. It is customary 
to calculate theoretic nitrogen balances 
based on the ratio of these elements to 
nitrogen in muscle protoplasm. Compari- 
son with the measured nitrogen balances 
would indicate whether or not the reduced 
nitrogen loss brought about by oscillation 
represents a saving to the organism of 
muscle protoplasm. (Tables x1 to xv.) 

Sulfur: The generally accepted sulfur: 
nitrogen ratio in muscle is 1:14. In this 
study in which only the total urinary sulfur 
was estimated, the ratio of urinary sulfur: 
nitrogen was maintained quite constantly 
throughout the study in the proportion in 
which these elements are present in muscle 


protoplasm. This was also the case in the 
previous study of immobilization in the 
fixed bed. 

Phosphorus: ‘The same calculation was 
made with respect to phosphorus, assuming 
a ratio of nitrogen: phosphorus in muscle of 
14.7:1°*?42° and correcting for phosphorus 


associated with calcium in the ratio in 
which these elements are present in bone 
(1:2.23°476). Although comparison of the 
theoretic nitrogen balances based on phos- 
phorus excretion revealed a fair agreement 
from week to week with the measured nitro- 
gen balances, there were significant dis- 
crepancies in the total excretion over the 
five-week period of immobilization. In all 
three subjects nitrogen excretion during im- 
mobilization in the oscillating bed was less 
by 34 per cent, 12 per cent and 60 per cent, 
respectively, than was anticipated from the 
phosphorus excretion. The average ratio of 
the nitrogen lost to phosphorus lost was 
9.4:1 instead of the theoretic 14.7:1. This 
was in sharp contrast to the findings during 
five weeks’ immobilization in the fixed bed. 


In only one subject (E. M.) was the nitrogen 
excretion less (by 29 per cent) than was 
expected on the basis of phosphorus ex- 
cretion; in the other three subjects the 
nitrogen excretion was significantly greater 
than that calculated from the phosphorus 
excretion. Thus, during the first five weeks’ 
immobilization in the fixed bed for the 
same subjects employed in the oscillating 
bed experiment the average nitrogen: 
phosphorus loss showed a ratio of 20.3:1. 
There was no obvious explanation for the 
discrepancies between these nitrogen: phos- 
phorus ratios and the theoretic ratio of 
14.7:1. 

These findings suggest the hazards of 
assuming such a fixed ratio of nitrogen: 
phosphorus in interpreting metabolic data. 
It should be pointed out that phosphorus 
appears to be deposited in protoplasm not 
only with nitrogen but also with carbo- 
hydrate, a circumstance that may in part 
be responsible for the discrepancies ob- 
served. In this connection attention is called 
to the absence of the expected correlation 
between the nitrogen and_ phosphorus 
changes and the changes in body weight. 

Potassium: Analysis of potassium balances 
in relation to nitrogen excretion is also of 
interest in this connection because potas- 
sium, being the principal intracellular 
cation, may reflect the extent of proto- 
plasmic catabolism and anabolism. The 
ratio of nitrogen:potassium in muscle is 
generally assumed to be 9.5:1 on the basis 
of surprisingly few chemical analyses in 
animals and considering the 
weight that has been given to this index in 
metabolic calculation. In both the fixed 
and oscillating bed experiments potassium 
tended to move in the same direction as 
nitrogen. Both elements were lost during 
the immobilization phase but the quantita- 
tive relationships were far from the the- 
oretic. There were wide variations in 
potassium excretion from week to week, 
which were particularly marked in the 
oscillating bed experiment in which there 
were also pronounced variations from sub- 
ject to subject. All three subjects sustained 
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potassium losses during the first two weeks 
of immobilization in the oscillating bed at 
a time when the nitrogen losses were also 
maximal. ‘Thereafter, despite continued 
nitrogen losses S. W. and C. O. actually 
stored potassium; the magnitude of the 
storage of the potassium by C. O. was such 
that his overall potassium balance for the 
entire immobilization period was slightly 
positive. E. M., on the other hand, lost 
potassium throughout the immobilization 
period although there was a decline in his 
potassium excretion toward equilibrium 
during the last two weeks. 

These variations from subject to subject 
in potassium excretion during the oscillating 
bed experiment are pointed up by com- 
parison of the theoretic nitrogen losses based 
on potassium, employing the ratio given 
above, with the measured nitrogen losses. 
In E. M., for example, the theoretic nitro- 
gen loss based on potassium excretion 
exceeded the actual loss by 115 per cent. 
In S. W. it was less than the actual nitrogen 
loss by 46 per cent, in C. O. by 342 per cent. 
On the other hand, during immobilization 
in the fixed bed the theoretic nitrogen 
losses based on potassium excretion ex- 
ceeded the measured nitrogen losses in all 
three subjects. 

There is no ready explanation for these 
observed discrepancies between potassium 
and nitrogen excretion. A potential source 
of variation in potassium excretion may 
arise from shifts in body glycogen and intra- 
cellular fluid.*7 A more likely source for 
these discrepancies would appear to be 
irregular variations in the potassium con- 
tent of the diets. In this study this variable 
was checked by direct analysis of the dietary 
intake. Nine analyses of the 2,800 calorie 
diet carried out during different seasons 
over the two-year period showed a standard 
deviation of the potassium values of +0.18 
Gm. (4.8 per cent).!* Although these 
analyses showed little variation, it is possi- 
ble that more frequent analyses might have 
revealed greater variations in diet potassium 
content. This is suggested by the appearance 
of occasional simultaneous trends in potas- 


slum excretion in the different subjects 
which were independent of the stage of the 
experiment. The unreliability of the nitro- 
gen: potassium ratio as a quantitative index 
of protoplasmic shifts has also been pointed 
out by other investigators. 

Influence of Oscillating Bed on Calcium 
Metabolism. Oscillation exerted a striking 
effect upon the changes in calcium metab- 
olism resulting from immobilization, an 
effect of considerable interest because of its 
relation to the problem of urinary tract 
stone formation in immobilized patients. 
It had been found in the study of four 
normal subjects immobilized in fixed beds 
that the average total urinary calcium 
excretion was approximately one-half to 
two-thirds that shown by a group of young 
men immobilized for four or five weeks 
because of fracture or osteotomy,* and the 
levels of urinary calcium in two of the sub- 


jects were well within the range of the 


fracture group. It had also been shown that 
during immobilization in the fixed bed 
certain factors concerned with the solubility 
of calcium in the urine failed to make 
appropriate compensatory responses to the 
increased excretion of calcium. Urinary 
volume increased very slightly, urinary pH 
became slightly more alkaline and urinary 
citric acid, the influence of which in favor- 
ing calcium solubility resides in the forma- 
tion of a weakly ionized and very soluble 
calcium citrate complex, remained rela- 
tively unchanged. This was in contrast to 
what occurs in the normal ambulatory 
individual in whom a shift in urine toward 
the alkaline side and an increase in urinary 
calcium excretion is regularly accompanied 
by an increase in urinary citric acid.*! The 
absence of these compensatory responses, 
the associated increase in urinary phos- 
phorus and the significant increases in 
urinary calcium during immobilization 
would all favor the precipitation of calcium 
phosphatic calculi in the urinary tract. 
These findings are of considerable interest 
in view of the rather high incidence of 
stone formation observed in immobilized 
patients in service hospitals during the 
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recent war*****4 and previously reported 
by others.**6 

The total loss of urinary calcium during 
immobilization in the oscillating bed was 
approximately one-half of that shown by the 
same subjects immobilized in the fixed bed 
experiment. The inference that this decrease 
in calcium loss during immobilization was 
due to oscillation and not to other factors 
appeared to be substantiated by the magni- 
tude of the calcium loss which occurred 
when one of the subjects was immobilized 
in a fixed bed for a second time. During this 
re-immobilization of S. W. in a fixed bed 
for two weeks calcium was lost at the same 
rapid rate as during his first immobilization 
in a fixed bed one year previously. Oscilla- 
tion had no effect upon urinary pH, urinary 
volume and urinary citric acid. However, in 
view of the influence of oscillation in reduc- 
ing the extent of the urinary calcium and 
phosphorus losses during immobilization 
this procedure should reduce the hazard of 
stone formation in the urinary tract during 
immobilization. 

Influence of Oscillation on Circulation. ‘The 
oscillating bed tended to prevent the de- 
terioration of the mechanisms responsible 
for circulatory control in the upright posi- 
tion as tested by means of a tilt table. During 
immobilization in the fixed bed, tilt table 
tests had demonstrated progressive impair- 
ment of circulatory control in the upright 
position, with an increased tendency to 
faint, which became pronounced within 
two to three weeks. In contrast, similar 
tests carried out during the oscillating bed 
experiment revealed that control of the 
circulation in the upright position was 
maintained almost at control levels through- 
out the immobilization phase. 

Observations during the fixed bed ex- 
periment had indicated that the legs were 
the principal vascular area in which impor- 
tant derangements occurred in the response 
of the blood vessels to the upright position. 
Binding the legs to the groin with Ace 
bandages prevented fainting when the sub- 
ject stood in the erect position on the tilt 
table whereas binding of the abdomen was 
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ineffective. Measurements of the circum- 
ference of the legs during tilt table tests had 
shown greater increases in the size of the 
legs in the tilted position during the im- 
mobilization phase than during the control 
period. Analysis of the changes in the leg 
circumference during and after tilting 
suggested that during immobilization there 
was impairment of either venous or muscu- 
lar tone or both. Repetition of these leg 
measurements during tilt table tests in the 
oscillating bed experiment revealed that 
during immobilization, although the sub- 
jects stood in the upright position for longer 
periods of time (as compared with the fixed 
bed experiment), the increases in the cir- 
cumference of the legs were not as great. 
This would suggest that by some mechanism, 
oscillation tended to prevent impairment of 
venous or muscular tone in the legs. The 
occurrence of purpuric hemorrhages in the 
skin of the legs in tilt table tests during 
immobilization in the fixed bed and the 
absence of petechiae in tests during the 
comparable stage in the oscillating bed 
experiment would indicate that appreciable 
capillary wall fragility was prevented by 
oscillation. 

The beneficial effects frequently observed 
following the use of the oscillating bed in 
vascular diseases of the lower extremities 
have been attributed to improvement in 
blood flow brought about by the motion of 
the bed. No conclusive evidence for this 
action has been presented although some 
attempts have been made to measure pe- 
ripheral circulation under these conditions. 
Horton, Krusen and Sheard”? measured skin 
temperatures during oscillation with equivo- 
cal results. The studies of Barker and Roth*’ 
indicated that oscillation raised the skin 
temperature of the extremities, but their 
observations were not carried out under 
carefully controlled environmental condi- 
tions. Although the present study did not 
include direct measurements of blood flow, 
rhythmic fluctuations in venous pressure as 
measured in the dorsal vein of the foot were 
of interest. The venous pressure changed 
140 mm. of water with each oscillation of 
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the bed. The veins could be seen alternately 
to fill and empty with each oscillation. This 
may mean that in the presence of competent 
venous valves a larger volume of venous 
blood is delivered to the right auricle during 
oscillation. 

Influence of Oscillation on Respiratory Func- 
tion. Measurements of respiratory function 
showed a shift in the average level of the 
diaphragm with each change in position of 
the bed. This might be regarded as a 
favorable effect since it would lead to the 
aeration at intervals of portions of the lungs 
which would not be aerated at the constant 
diaphragm level prevailing at rest in a 
fixed bed. However, the actual volume of 
pulmonary ventilation per unit of time was 
not increased by oscillation. The changes in 
the position of the diaphragm take place 
gradually over a period of time equal to the 
cycle of the bed (one and _ three-quarter 
minutes in this experiment). 

Of some interest in relation to the possible 
use of the oscillating bed with cardiac 
patients was the finding that oscillation at 
the speed employed did not increase the 
metabolic rate over that in the resting hori- 
zontal position. Subsequent studies on other 
patients have confirmed this finding. 

Blood Coagulation Mechanism. It is worthy 
of emphasis that no increased tendency for 
the blood to coagulate during immobiliza- 
tion was found in either the fixed or oscillat- 
ing bed experiments. In particular, prior to 
and during the re-immobilization of subject 
S. W. in a fixed bed an increased number 
and variety of tests were employed (heparin 
tolerance test weekly, prothrombin time 
determinations every other day, and Lee- 
White and capillary tube coagulation times 
every other day) without the detection of 
significant alterations in the blood coagula- 
tion mechanism. 

Effect of Oscillation on Recovery from Im- 
mobilization. ‘The restoration of metabolic 
and physiologic indices to normal came 
about more rapidly following immobiliza- 
tion in the oscillating than in the fixed bed. 
Physiologic function returned to normal 
more promptly than did the metabolic. 


Indeed, the delay in the return to normal 
of metabolic function in both experiments 
should be emphasized. In neither experi- 
ment had the nitrogen and calcium metab- 
olism fully reverted to control levels during 
the recovery periods of four to six weeks. 
There was also considerable individual 
variability in the speed of recovery. The 
somewhat more rapid improvement in 
nitrogen and calcium balances during 
recovery in the oscillating bed experiment 
was attributable to at least three factors: 
(1) The balances were less negative during 
immobilization in the oscillating bed and 
hence a smaller shift was required to reach 
a positive balance. (2) The immobilization 
phase in the oscillating bed experiment 
was one to two weeks shorter; hence the 
aggregate of the catabolic changes was 
considerably less than in the fixed bed 
experiment. (3) The subjects were psycho- 
logically ready for and initiated mobile 
activity three days earlier in the oscillating 
bed recovery period. These modifying 
factors may in part account for the fact that 
most physiologic functions (basal metabolic 
rate, muscle strength, girth of extremities, 
the reaction of the circulation to the erect 
position, exercise tolerance and the reclining 
pulse rate) returned to control levels from 
one to two weeks earlier in the recovery 
phase following immobilization in the oscil- 
lating than in the fixed bed. 

Repetition of Fixed Bed Experiment. At the 
conclusion of the oscillating bed experiment 
subject S. W. was immobilized in a fixed 
bed for a second time in order to provide a 
check on the results of the previous fixed 
bed experiment. This procedure would also 
test the validity of the conclusion that the 
differences in the results of the fixed and 
oscillating bed experiments were specifically 
due to oscillation and not to any interval 
change in the condition of the patient. 
During this two weeks of re-immobilization 
in a fixed bed the metabolic and physiologic 
derangements which occurred duplicated 
very closely in pattern and extent the 
changes which had occurred during the 
first two weeks of this subject’s first im- 
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mobilization in a fixed bed a year previ- 
ously. In most respects the changes were 
significantly greater than had occurred 
during the first two weeks of his antecedent 
immobilization in an oscillating bed. The 
differences in the results of the fixed bed 
and oscillating bed experiments are there- 
fore attributable to the modifying effects 
of oscillation rather than to changes in the 
subject’s growth, development or physical 
condition. 

Mechanism of Action of Oscillating Bed. 
The mechanism by which the oscillating 
bed serves to ameliorate the effects of im- 
mobilization is not clear. It is believed that 
the principal factors may be an increased 
circulation through the extremities and 
partial weight-bearing in the foot-downward 
position. ‘The rocking motion of the bed 
which places the legs alternately in a 
dependent position and in a slightly elevated 
position is identical in principle to Buerger’s 
postural exercises, long in use in the treat- 
ment of conditions resulting from defective 
peripheral circulation. The oscillating bed 
is superior to Buerger’s exercises, however, 
in that the changes in posture can be 
repeated continuously for many hours with- 
out physical effort on the part of the subject 
or patient. In regard to weight-bearing it 
is evident from actually experiencing the 
motion of the bed that if a foot-board is used 
or the legs and feet enclosed in a cast, 
partial weight-bearing definitely occurs pro- 
vided the bed is tilted to a sufficient angle. 
This action probably transmits some stress 
or strain to the body, particularly to the 
skeleton, and also brings about slight muscu- 
lar contraction, principally in the gastrocne- 
mius-soleus and quadriceps muscle groups. 
Muscular contraction may in turn call for 
greater blood flow. It is conceivable that 
skeletal stress and the stimulation to slight 
muscular contraction may act to discourage 
catabolic and encourage anabolic processes. 

It is to be noted that in this experiment 
oscillation was begun at the start of the 
immobilization period. Whether or not 
oscillation would reduce metabolic losses 
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once they become well established cannot 
be determined from this experiment. 

It is uncertain what the optimal daily 
period for oscillation should be. In one of 
the subjects the oscillating bed was in 
motion twenty-one hours a day; in the other 
two subjects, E. M. and C. O. who were 
studied together, the bed was in motion 
eight hours daily because of the fact that 
two oscillating beds were not exclusively 
available during the period of the experi- 
ment. There was no evidence that the 
longer period of oscillation was more 
effective. 


CONCLUSIONS 


It seems reasonable to conclude from 
these findings that the oscillating bed may 
in considerable measure prevent many of 
the deleterious effects consequent upon 
prolonged immobilization. These beneficial 
effects are exerted on the mechanism 
responsible for circulatory control in the 
erect position, on the changes in muscle 
mass and strength and on creatine, nitro- 
gen, calcium and phosphorus metabolism. 
The metabolic effects exerted by oscillation 
would serve to reduce the likelihood of cal- 
culus formation in the urinary tract. The 
oscillating bed is a simple and practical 
device, readily available, generally com- 
fortable and capable of saving considerable 
nursing and physiotherapeutic care. On the 
basis of these findings it seems reasonable 
to suggest that the oscillating bed may 
provide a valuable adjunct in the manage- 
ment of patients immobilized for long periods 
because of fractures, severe burns, spinal 
cord injuries or paralysis resulting from 
poliomyelitis. This suggestion is made with 
the reservation that the beneficial effects of 
oscillation on physiologic and metabolic 
functions in immobilized healthy adults may 
not necessarily occur in diseased states. This 
uncertainty can be resolved only by direct 
experimental trial. 


SUMMARY 


A study was made of the influence of an 
oscillating bed on the metabolic and 
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physiologic disturbances associated with 
immobilization. The subjects were three 
normal healthy young men. The investiga- 
tion was carried out on a metabolism ward 
during control (four to five weeks), im- 
mobilization (five weeks) and recovery 
(five to six weeks) periods. The dietary 
intake was constant. During the immobiliza- 
tion periods the subjects were in bivalved 
plaster casts extending from umbilicus to 
toes. One year previously the three subjects 
studied had participated in an experiment 
identical with the present study except 
that they had been immobilized in standard 
(fixed) hospital beds. During immobiliza- 
tion in the oscillating bed: 

1. Nitrogen excretion increased in the 
same general pattern as in the fixed bed 
experiment; but in two of the subjects 
nitrogen loss was approximately half as 
great as during an equal period of immo- 
bilization in the fixed bed. 

2. The loss of calcium, chiefly in the 
urine, was, on the average, half as great as 
during the same period in the fixed bed. 

3. The loss of phosphorus was signifi- 
cantly less in two of the subjects than dur- 
ing the same period in the fixed bed. 

4. Although urinary citric acid, pH and 
urine volume did not appreciably change, 
the significant reduction in urinary calcium 
and phosphorus losses would render the 
precipitation of calcium phosphate in the 
urinary tract less likely than during im- 
mobilization in a fixed bed. 

5. There was good correlation between 
the excretion of urinary total sulfur and 
nitrogen on the basis of the ratio in which 
they exist in muscle. The correlation be- 
tween nitrogen and phosphorus on the same 
basis was less good, between nitrogen and 
potassium poor. 

6. Creatine tolerance tests indicated that 
creatine metabolism was significantly less 
impaired than during immobilization in 
the fixed bed. The decrease in muscle mass 
and strength of the immobilized limbs was 
also less than during an equal period in the 
fixed bed. 


7. Changes in basal oxygen consumption 
were not significant. 

8. The deterioration produced by fixed 
bed immobilization in the mechanisms 
essential for adequate circulation in the 
erect position (as measured by tilt table 
tests) was largely prevented. 

9. Measurements of venous pressure in 
the foot veins during oscillation revealed an 
average change in pressure of 140 mm. of 
water with each change in position of the 
bed. A rhythmical shift was observed in the 
average level of the diaphragm with each 
change in position of the bed, without sig- 
nificant alteration in the pulmonary minute 
ventilation. 

10. Changes in urinary 17-ketosteroid 
excretion and in serum calcium levels were 
not significant. 

11. As in the fixed bed experiment, there 
were no significant alterations in blood 
coagulation studies, circulation time, heart 
size or electrocardiograms. 

During the recovery phase most metabolic 
and physiologic functions returned to con- 
trol levels or became re-stabilized more 
rapidly than following immobilization in 
the fixed bed. 

Following recovery from the oscillating 
bed experiment, one subject was re-im- 
mobilized in a fixed bed for two weeks. 
The results duplicated closely the changes 
observed during the first two weeks of his 
first immobilization in a fixed bed a year 
previously. 


The authors wish to express their deep ap- 
preciation to Miss Hertha H. Taussky of this 
department for her direction of the citric acid 
studies in this and the previous report. 
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NTIL recently alkalosis accompany- 
ing vomiting was commonly re- 
garded as being associated with 
the balance of sodium and chloride in 
extracellular fluids and little significance 
was attached to incidental changes in other 
electrolytes and in the ionic constitution of 
the cells themselves. Recently the reports 
of Butler,! Fenn,? Darrow,** ‘Talbott,’ 
Gamble® and others have called attention 
to the alterations in the intracellular as well 
as extracellular fluid which occur during 
alkalosis and the acidosis which accom- 
panied loss of fluids from the body. Specif- 
ically, it has been shown that sodium may 
pass from the extracellular fluid into the 
cells and replace potassium. Darrow?’ has 
shown that there is a marked loss of 
potassium accompanying states associated 
with dehydration, particularly diarrhea in 
infants. Similar losses of potassium have 
also been shown to occur in other conditions 
to be discussed later. 
In 1938 Scudder and associates’ studied 
a series of twenty untreated patients with 
intestinal obstruction and found the serum 
potassium to be raised in seven, low in five 
and normal in eight. They also found that 
the cellular potassium in these untreated 
patients was low in fourteen of the twenty. 
Falconer®*” (1939) was unable to verify 
that either hypopotassemia or hypercalce- 


mia were factors in intoxication accom- 
panying intestinal obstruction. He found 
that there was a tendency for the concen- 
tration of potassium, sodium and calcium 
in the serum to decrease, the reduction in 
potassium tending to be relatively the 
largest. 

In view of these observations, and more 
particularly because we were struck by 
the similarity of the electrocardiographic 
changes associated with intestinal obstruc- 
tion to those of hypopotassemia in other 
conditions, we decided to study the electro- 
cardiographic findings in intestinal ob- 
struction accompanied by vomiting, to 
compare the electrocardiographic changes 
with the levels of serum potassium and to 
determine the effect of administration of 
potassium upon these changes. We wish 
to report our observations on the electrolyte 
changes, particularly as they concern the 
serum potassium, in fifteen cases of acute 
intestinal obstruction. Since we wish to 
emphasize the value of the electrocardio- 
graph, not only in detecting the presence 
of hypopotassemia in intestinal obstruction 
but also in following, in a rough way, the 
fluctuations of the serum concentration of 
this electrolyte, the electrocardiographic 
findings in hypopotassemia will be briefly 
discussed before the details of our observa- 
tions are presented. 


* From the Division of Cardiology and Chemistry, Philadelphia General Hospital and Robinette Foundation, Uni- 
versity of Pennsylvania, Philadelphia, Pa. This work was aided by a grant from the United States Public Health 


Service. 
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ELECTROCARDIOGRAPHIC CHANGES 
ASSOCIATED WITH LOW SERUM 
POTASSIUM 

The electrocardiographic findings in hy- 
perpotassemia are quite well established.°*~° 
The characteristic tall, narrow T waves, 
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seventy years of age or older, five were between 
sixty and seventy, three were between fifty and 
sixty and three were between twenty-five and 
fifty years of age. The series consisted of nine 
men and six women. Thirteen patients were 
white and two were negroes. The diagnoses 


TABLE I 
SERUM CONCENTRATIONS, CASE 9 


C. J., aged seventy; diagnosis: carcinoma of colon. 


K 


| 


1/6/48 
1/7/48 
1/8/48 
1/9/48 
1/10/48 
2:30 P.M. 
4 P.M. 
11 P.M. 
1/12,/48 
1/14/48 
1/15/48 
1/21/48 
2/5/48 


| 
140 | 
149 | 
137 
138 


139 
140 
132 
129 
132 
13/ 
140 


| | | Chloride | 
(mEq./L.) | (mEq./L.) | (mEq./L.) | (mEq./L.) 
| | 


Urea 


| 
(mEq./L.) | (mg. %) 


| 

| 

| | 

| 


Remarks 


| Before KCl 
After 500 ml. KCl r.v. 
| 6% hr. after KCl 


often accompanied by some widening of 
the QRS complexes, are reversible and 
give way to normal waves as the hyper- 
potassemia becomes lowered toward _ nor- 
mal. The electrocardiographic alterations 
associated with a low serum potassium have 
received less study. In 1937 Bellet and 
Dyer’? reported characteristic electrocardio- 
graphic changes in twenty-three patients 
after their emergence from diabetic acido- 
sis. These changes consisted of a lengthening 
of the Q-T interval, depression of the S-T 
segment and, in some instances, inversion 
of the T waves. The relation of these changes 
to hypopotassemia was not established at 
that time. However, the relationship of 
characteristic electrocardiographic changes 
in hypopotassemia and in diabetic acidosis 
has been well established by the more recent 
studies of Holler,'? Nicholson and Branning, 
Martin and Wertman" and Nadler, Bellet 
and Lanning.'* 


MATERIAL AND METHOD OF STUDY 
The ages of our patients ranged from twenty- 
five to eighty-seven years; four patients were 
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were: Duodenal ulcer with pyloric obstruction 
in four patients; carcinoma of the large bowel 
with intestinal obstruction in three patients; 
obstructing carcinoma of the stomach in two 
patients; strangulated hernia in one patient 
and cholelithiasis with peritonitis and intestinal 
obstruction in one patient. 

As one would anticipate most of these patients 
were quite ill on admission. They manifested 
varying degrees of dehydration through loss of 
fluid by vomiting and in addition, in a few 
patients, by diarrhea. Mental symptoms ranging 
from disorientation to coma were observed in 
some and many presented the picture of shock. 

As soon as possible after admission and diag- 
nosis blood was drawn and estimations made of 
the serum potassium, sodium and calcium, the 
CO, combining power and plasma chloride. 
These studies were instituted before therapy in 
five patients (Cases 9, 10, 13, 14 and 15) and 
after treatment had been started in the ten 
remaining patients. These chemical studies were 
repeated at frequent intervals during the con- 
tinuance of therapy until the patient recovered 
or died. Most of these patients received paren- 
teral fluids in the form of normal saline solution, 
5 per cent glucose, blood transfusions and 


| | \ 

4.4 

8 4.9 

4.9 85 

3 4.3 

9 4.7 | 

8 4.9 re 45 100 
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amigen. In addition Wangensteen suction was 
instituted in many of these patients. Electro- 
cardiograms (limb leads 1, 1 and ml and pre- 
cordial leads CR3, CR4 and CRs) were taken 
at the same time that blood samples were ob- 
tained. In five patients calcium in the form of 
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patients. In the five of the fifteen patients 
who had not received therapy prior to the 
initial estimation the serum potassium was 
also low. In general the level of serum 
potassium varied with the degree of alka- 
losis; the greater the degree of alkalosis the 


TABLE I 
SERUM LEVELS, CASE 15 
J. G., aged twenty-five, diagnosis: ruptured duodenal ulcer. 


| 
K Na | Ca Cl 
(mEq./L.) | (mEq./L.) | (mEq./L.) | (mEq. /L.) 


CO: 
(mEq./L.) 


39 
35 


34 
| 35 


before KCl 
after KCl 


| Blood Urea 
Protein 1 
| Nitrogen 


Int “cord 
(Gm. %) | (mg. %) ntake Recor 
| 


| | 
| 3,000 cc. 5% glucose in saline 
| 1,890 cc. tea and water orally 
| 7:30 a.m., 1,000 cc. 5% glucose in 
| saline 
105 before KCI | 10:30 a.m. 200 cc. 19% glucose in water 
95 after KCI | From 7 to 4 p.m. 2,100 cc. tea orally, 
H2O and jello 
| 8 p.m. 500 cc. KCl 
| 10 p.m. 700 cc. amino acids 
Chinically improved 
90 12 hr. after | 2,000 cc. 10% glucose in H2O 
| 1,000 cc. 5% glucose in saline 
1,000 cc. amigen 
3,130 cc. tea and water 
Clinically improved 
Fluids orally 4,280 cc. tea and water 
Fluids orally 3,780 cc. tea, H2O, milk 
Fluids orally 4,160 cc. tea, HO, milk; 
patient sitting up 


10 cc. of 10 per cent calcium gluconate was 
injected intravenously prior to administration 
of potassium in order to determine whether 
deficiency of this ion was responsible for the 
electrocardiographic changes. In the series of 
patients with intestinal obstruction we satisfied 
ourselves that potassium, not calcium, defi- 
ciency was the cause of the electrocardiographic 
changes by showing that the serum calcium was 
not low and that intravenous calcium had no 
effect upon the electrocardiogram while serum 
potassium was low in five patients and _ its 
intravenous administration did return the 
tracings toward normal. The blood pressure 
was recorded at frequent intervals prior to, dur- 
ing and following administration of potassium. 
The serum sodium and potassium concentra- 
tions were measured by means of the flame 
photometer.’ (Tables 1, 1 and m1.) 


FINDINGS 


Serum Potassium and Other Electrolyte Values. 
The serum potassium on or soon after 
admission ranged between 2.3 mEq./L. 
and 2.5 mEq./L. in four patients and 
between 2.5 and 4.1 mEq./L. in eleven 


lower the serum potassium. In practically 
all of these patients the serum potassium 
dropped to still lower levels following 
parenteral therapy which did not include 
potassium. The pertinent clinical findings, 
serum potassium levels, electrocardiographic 
findings on admission and the results of 
therapy are shown in Table Iv. 

The serum sodium, chloride and _ bi- 
carbonate values in our series of patients 
differed in no way from the well known 
changes produced by vomiting due to 
intestinal obstruction. The resulting con- 
centrations in the plasma depended upon 
the site of the intestinal obstruction (whether 
high or low), the duration and severity of 
the vomiting and the accompanying degree 
of dehydration. In general, in the presence 
of high intestinal obstruction the chief 
alterations observed were a marked diminu- 
tion in chlorides, a slight or moderate 
diminution in sodium and an increase in 
carbon dioxide combining power with 
evidence of alkalosis. In low intestinal 
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obstruction there was moderate diminution 
in chlorides and, frequently, a marked loss 
of sodium with a tendency toward acidosis. 
The administration of parenteral fluids 
(saline and glucose) when the patient took 
no food by mouth resulted in an increase 
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ranged between 3.5 to 4.5 mEq./L. in most 
of our patients when the serum potassium 
was low. This decrease involved the ionized 
as well as the unionized fraction. 

Effect of Administration of Potasstum on the 
Clincal State of Patient. Potassium chloride 


TABLE III 
SERUM LEVELS, CASE 10 
J. McC., aged thirty-four, diagnosis, acute pancreatitis, pyloric obstruction. 


Na Ca 
(mEq./L.) (mEq. /L.) 


(mEq./L.) 


Chloride CO, 


(mEq. /L.) Remarks 


12/29/47 | 140 
12/30/47 | | 149 
12/31/47 
4:15 P.M. 
5 P.M. 
1/8/48 
1/9/48 
1/14/48 
12:30 p.m. | 
2 P.M. | 
1/15/48 
1/21/48 
2/5/48 
2/6/48 
2/7/48 
2/11/48 
2/12/48 
2/13/48 
2/16/48 
2/17/48 
2/18/48 
2/19/48 
2/20/48 
2/21/48 
2/22/48 
2/23/48 


147 
142 
138 
132 


150 
141 
138 
141 
144 
149 
147 
143 
| 130 
| 138 


146 
} 150 
142 
142 
141 
142 


SOW +I 


51 


After 200 cc. KCI 


After 300 cc. KCl 


in chlorides, with a tendency for the degree 
of alkalosis to diminish. However, on 
administration of fluids which did not con- 
tain potassium the serum potassium tended 
not only to remain low but to fall below the 
initial values present on admission. 

Of particular interest was the relation- 
ship between the level of the serum calcium 
and the serum potassium. When the serum 
potassium values were quite low (1.7 to 
3.3. mEq./L.), usually associated with a 
considerable degree of alkalosis, the serum 
calcium levels also tended to be low but 
not nearly so low proportionately as the 
serum potassium. The serum calcium levels 
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in the form of a 1.14 (isotonic) per cent 
solution was administered twelve times to 
ten patients. The dosage ranged from 100 
to 700 cc. administered over a period of 
one-half to two and one-half hours. The 
effects upon the serum potassium are shown 
in Table v. Electrocardiograms were taken 
almost continuously during its administra- 
tion in most of these patients. Following 
injection these patients in many instances 
showed evidence of clinical improvement as 
manifested by diminished weakness and a 
sense of well being. The blood pressure, 
usually low prior to injection, often rose 30 
to 40 mm. Hg after potassium had been 


| | | | | 

| (mEq. /L.) | | 

| 4.6 | 76 | 
| ae 71 | 36 
| 4.8 | 83 | 38 

| 
| 
| ae 76 | 24 | 
| aa) 79 | 29 | 
| 
| | 
| 
| a 59 | 45 | 
| 4.4 
| 4.7 | 63 | 53 | 
| an 69 | 45 | 
| eb 67 | 41 | : 
| ws | 66 56 | 
| eas, 67 | 51 | 
| Se 70 | 50 | 
72 | 42 | 

| 71 | 36 | 
| ae 72 | 40 | 

| | | | 
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TABLE IV 


1 
White 
Female 


> 


Negro 


3 
White 
Female 


4 
White 
Female 
5 
White 
Female 
6 
White 
Male 


White 
Male 


8 
White 
Female 


10 
White 
Male 


11 
White 
Male 


12 


Female 


White 


Female 


14 
White 
Male 


15 
White 
Male 


Vomit- : ' = 3 | Effect of Potassium on 
Condition Initual Serum 
| ECG and Serum 
on Admission | ECG Potassium Pp s 
otassium 
| (mEq./L.) 


Ultimate 


Name | Age Diagnosis ing fo 
utcome 


(days) 


Large bowel obstruc- | Dehydrated; weak Prolonged Not given 
tion; strangulated OTs or 


femoral hernia depression 


| 
| 
| 


Ulcer of duodenum | Weak, comatose Prolonged 150 cc. in 44 hr.; de- | Improved 
with pyloric QT; SI creased QT; ST re- 
obstruction depression turned to isoelectric 

line; K rose to 
3.08 mEq./L. 


Cholecystitis; perfora- : Acutely ill; abdom- Prolonged 5 | 500 cc. of KCI in Died 
tion of gallbladder; nal distention; pain; | QT; S1 | hr.: K rose to 

right subdiaphrag- rigidity of right depressed 4.08 mEq. /L. QT 

matic abscess upper quadrant decreased, ST normal| 
Intestinal carcinoma . | Dehydrated; weak Depressed 3 Returned to normal | Signed out 
with pyloric obstruc- ST: pro- | against 
tion longed Q'I | advice 


Carcinoma of sigmoid 2 Dehydrated; weak: Prolonged Returned to normal | Discharged; 
with metastasis to disoriented QT; de- condition 
liver pressed SI improved 

Pyelonephritis with Dehydrated; weak; Inverted I Given 150 cc., T Died 
adynamic ileus cyanosis; rapid wave with waves in CR; less 

pulse; shallow respi- prolonged inverted, K rose to 
rations; rigidity in Ql 3.33 mEq./L. 
abdomen; peristalsis 


Perforation of stomach Fever; weakness Depressed ST: 3 QT decreased; ST 
due to ulcer; sub- prolonged | segment depressed; 
phrenic abscess; gen- Ql extrasvstoles disap- 
eralized peritonitis peared; K rose to 
with localization; 5.0 mEq./L. 
arteriosclerotic heart 

Mentally defective; Abdominal pain; Depressed Returned to normal Discharged 
choledechotomy; dehydrated; clay- ST; pro- improved 
removal of stone in colored stools; longed O'T 
common duct icteric; tenderness in 

right upper 
quadrant 

Carcinoma of splenic . | Pain in lower ab- Depressed d QT returned to nor- | Improved 
flexure domen; vomiting ST: pro- | mal; ST depression 

longed Q'l disappeared; K rose 
to 5.13 mEq./L. 


Cysts of pancreas; y . | Dehydrated; weak Depressed 4 | Short QT with up- Improved 
pyloric stenosis ST: pro- | right T wave; after 
longed Q'I | 200 cc. K rose to 
2.95 mEq./L. 


Gastric carcinoma wk. Pain in upper ab- Prolonged | | Less T wave inver- Died after 
domen; emaciated; QT; inverted} sion; after 300 cc. K | operation 
not acutely ill I wave rose to 4.61 mEq./L. 

Carcinoma of fundus; Shock; dehydrated Prolonged | Return to normal Improved 

hysterectomy; shock QT 
after operation; 
parenteral fluid 


Duodenal ulcer with 1 mo Dehydrated Inverted ‘I 3 Return to normal Discharged 

pyloric obstruction also 1 to! undernourished wave in all | | after 500 cc K rose improved 
2 water: leads; long 4.61 mEq./L. 

stools QT 


per day 


Fracture of femur: | Dehydrated; weak | Prolonged | Return to normal; Discharged 

intestinal obstruction QT; inverted after 500 cc. K rose improved 
T wave in | to 6.66 mEq./L. 
all leads 

Ruptured duodenal Shock: dehydrated | Low T2 and 3 | Return to normal, Improved 

ulcer | U wave; | after 500 cc. K rose 
long QT | to 3.2 mEq./L. 


AMERICAN JOURNAL OF MEDICINE 


716 
Case 
No 
2 J.J. | 57 
A. 5S. 72 
E. H 65 
B. W. 68 
7 Fi. 61 
9 J. ¢ 76 
White 
Male 
|_| W. J 51 
13 Cc. W 42 | 
W.G 
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given. The diastolic pressure usually in- 
creased more than the systolic. The im- 
provement was only temporary unless the 
cause for the potassium deficit was removed 
or the patient began to take food by mouth. 
In two of these patients (Cases 14 and 15) 
administration of potassium initiated im- 
provement of the patient which was mani- 
fested by diminution of azotemia, a desire 
to take food by mouth, rapid return of the 
electrolytes to normal and recovery of the 
patient. The effects upon the electrocardio- 
graph will be discussed presently. 

Effect of Potasstum Administration on_ the 
Level of Serum Potassium in Hypopotassemia. 
In Table 1 the effects of potassium chloride 
on the level of the serum potassium are 
noted. It will be observed that with small 
doses of potassium chloride, 125 to 150 cc., 
the rise in the level of the serum potassium 
at the end of administration was not very 
great. With larger doses (300 to 700 cc.) 
increase in the serum potassium level was 
greater and ranged up to 2.8 mEq./L. 
above the control level. 

Effect of Administration of Potassium on 
Electrocardiogram in Hypopotassemia. Prior to 
administration of potassium the effect of 
intravenous administration of calcium glu- 
conate (10 cc. of a 10 per cent solution) was 
noted. This had no appreciable effect on 
the IT’ waves and the S-T segments in the 
five patients to whom this was given, 
thereby showing that the electrocardio- 
graphic changes were not the result of 
calcium deficiency. Following administra- 
tion of potassium, the depression of the S-T 
segments diminished, the I’ waves tended 
to become or actually became upright and 
the Q-T segments were shortened in every 
case. (Figs. 1, 2, 3 and 4.) The degree of 
return to normal depended upon the degree 
of hypopotassemia present prior to injection 
and the amount of electrolyte administered. 
When small doses of potassium were given 
(100 to 200 cc.), only a partial return to 
normal occurred. With larger doses, a 
complete return to a normal tracing was 
observed. Extrasystoles which were present 
in five cases with low potassium were 
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abolished followitg administration of this 
electrolyte. 

The electrocardiographic improvement 
following administration of potassium was 
temporary in some patients; in others some 
degree of improvement persisted. In about 


TABLE V 


| Serum 

Initial Potassium at 
Serum 

Potassium 


(mEq./L.) 


Quantity of 1.14 
Per Cent Potassium End of 
Chloride per Unit | Administra- 

Time Given tion 


(mEq./L.) 


150 cc. in 4% hour 
500 cc. in 1 hour 
125 cc. in 1 hour 
100 cc. in 1 hour 
150 cc. in 1 hour 
150 cc. in 1 hour 
500 cc. in 2 hours 
150 cc. in 1 hour 
300 cc. in 2 hours 
200 cc. in 2 hours 
300 cc. in 2 hours 
300 cc. in 2 hours 
700 cc. in 3 hours 
500 cc. in 2 hours 


oo 


NOW DN W WH DH 
AWA 
HNO HLH HW 


one-half to three hours following adminis- 
tration the changes tended to revert to their 
previous configuration although in some 
instances some degree of improvement in 
the ‘IT’ waves and S-T segment was pre- 


served. (Figs. 2, 3 and 4.) 


COMMENTS 


A study of the literature together with 
an analysis of the data in our patients 
indicates that profound electrolyte dis- 
turbances are observed during acute in- 
testinal obstruction. In addition to loss of 
water there is considerable depletion of 
body potassium. Marked diminution in 
body potassium results in precipitation of 
the syndrome of hypopotassemia. This 
electrolyte cannot be restored by adminis- 
tration of saline and glucose solutions and 
can be supplied only by direct administra- 
tion or by food containing potassium. 


RECOGNITION OF POTASSIUM DEFICIENCY 


The diagnosis of potassium deficiency 
depends upon (1) recognition of the con- 


Case | 
No. 
| 
2 | 
4 | 
6 
8 
9 
10 | 
10 
11 | 
11 | 
14 | 
15 | 
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Fic. 1. C. L., a white patient aged sixty-six. a, electrocardiogram taken January 19, 1948, 
after the patient had been vomiting four days. Note inverted T wave in lead 1, ST depres- 
sion with prominent U wave in lead u and Lead m1 and inversion of the T wave in CR, 
and CR, with depression of the RT segment. The serum potassium at this time was 
2.85 mEq./L. B, after 250 cc. of isotonic potassium chloride had been administered in a 
period of one hour and fifteen minutes. Note flattening of the T wave in leads 1 and u. 
Note that the T waves in CR;, CR, and CR; are now upright. c, after 500 cc. potassium 
chloride had been given in two and one-half hours. Note flattening of the T wave in lead 1 
with a tendency to an upright configuration, flattening of the T wave in lead nu, with up- 
right T waves in CR;, CR, and CR;. The potassium at this time was 4.08 mEq./L. The 
blood pressure rose from the control value of 100/80 to 120/90 after administration of 


potassium chloride. 


ditions likely to be associated with this 
disturbance; (2) the presence of muscular 
weakness and atonic muscles and occasion- 
ally muscular paralysis; (3) characteristic 
electrocardiographic changes which return 
to normal when potassium is given; (4) con- 
firmation by determination of the serum 
potassium. Particularly important is an 
estimation of the loss of body potassium by 
measurement of the retention of this electro- 
lyte during the state of recovery. 

In man, hypopotassemia has been studied 


chiefly in familial periodic paralysis. In 
these patients muscle weakness, difficulty 
in respiration due to paralysis of the 
accessory muscles of respiration, general 
muscular paralysis and even death has been 
noted. More recently similar phenomena 
have been observed following therapy in 
diabetic acidosis and in chronic nephritis 
in which the serum potassium level may be 
as low as 2.0 mEq./L. While marked 
degrees of muscular paralysis are relatively 
uncommon accompaniments of potassium 
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deficiency, minor and moderate degrees of 
muscular weakness are common. In a 
recent paper Huang and Mao!® describe 
eleven cases of transient paralysis occurring 
in patients with cholera on the second to 
ninth day after hospital admission. The 
paralysis was regarded as analogous to that 
developing in familial periodic paralysis 
and responded dramatically to the intra- 
venous injection of potassium chloride. 
Unfortunately, the authors were unable to 
determine the level of serum potassium. 

While no instance of frank muscular 
paralysis was observed in the patients in our 
series, varying grades of muscular weakness 
and asthenia were present. These were, in 
many instances, improved following ad- 
ministration of potassium. It is suggested 
that mild and moderate grades of muscular 
weakness and asthenia resulting from hypo- 
potassemia are probably overlooked and 
attributed to the underlying clinical state. 

The importance of potassium in _ the 
correct functioning of the isolated heart is 
well known and easily demonstrated. Defi- 
ciency of body potassium has produced 
necrosis of heart muscle in experimental 
muscle preparations. The following cardiac 
effects during hypopotassemia have been 
noted:'’~!* dilatation of the heart, develop- 
ment of systolic murmurs, ectopic rhythms 
and profound electrocardiographic changes 
of a type associated with severe grades of 
myocardial abnormalities. In addition the 
blood pressure is usually low. Such pro- 
found effects on the heart obviously add to 
the severity of the clinical picture. These 
alterations are usually promptly reversed 
by administration of potassium. 

Since a deficiency of potassium affects 
many vital functions and since the potas- 
sium is depleted in intestinal obstruction, 
it seems very probable that some of the 
symptomatology of intestinal obstruction 
may be the result of a deficiency of potas- 
sium. This is based on the following: (1) the 
marked depletion of this important electro- 
lyte in a relatively short period of time 
following vomiting; (2) the presence of 
asthenia, weakness, low blood pressure and 
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2A 

Fic. 2. Case 10. Diagnosis: pyloric obstruction 
with cyst of pancreas. A, control, K 2.7 mEq./L. 
Note the low amplitude of the T waves in the 
precordial leads with lengthening of the Q-T in- 
terval to 0.50 second. B, forty-five minutes after 
150 cc. of 1.12 per cent potassium chloride had 
been given. Note diminution of the RST segment 
depression with a slight increase in the amplitude 
of the T waves. c, two hours after 300 cc. of potas- 
sium chloride had been given. Note the further 
increase in the amplitude of the T wave. The Q-T 
interval now measures 0.236 second. The serum 
potassium at this time was 4.3 mEq./L. 


a shock-like state which in many aspects 
resembles the syndrome of hypopotasse- 
mia; (3) the profound electrocardiographic 
changes; (4) finally administration of potas- 
sium resuJts in improvement of the symp- 
toms and signs with almost immediate 
restoration of the electrocardiogram to 
normal. 
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Fic. 3. Case 14, a patient aged eighty-seven. Diagnosis: lower intestinal obstruction due to carcinoma of the 
sigmoid. A, control, February 2, 1948. Potassium 3.8 mEq./L. Note inverted T waves in all leads with length- 
ening of the Q-T interval. B, after 150 cc. of potassium chloride had been given in forty-five minutes. The 
T wave is now upright. c, after 300 cc. had been given in two hours. Note the upright T waves. p, two hours 
after the potassium had been stopped the electrocardiogram shows no significant change. E, 3.24 hours later it 
shows flattened T waves in the precordial leads. F, after patient began to take food by mouth it shows a return 
of the serum potassium to normal with a more upright configuration of the T wave. c, February 7, 1948, 
shows continuing improvement with a practically normal electrocardiogram. 


MECHANISM OF POTASSIUM LOSS THROUGH THE 
VOMITING PRODUCED BY INTESTINAL 
OBSTRUCTION 


Potassium is lost in intestinal obstruction 
mainly through direct loss of the electrolyte 
which is present in the stomach and in- 
testinal secretions. Long-continued vomit- 


ing of stomach secretions results in a loss of 


intra- and extracellular fluids which con- 
tain potassium and in the loss of potassium 
contained in the gastrointestinal secretions. 
Falconer®*“ observed that the vomitus 


contained five times the concentration of 


potassium present in the serum. Frenkel!’ 
found the potassium in vomitus to be 


from 40 to 50 mg. per cent. Austin and 
Gamman” observed that gastric juice con- 
tains two and one-half times as much 
potassium as is found in blood serum. With 
loss of gastric secretions containing free 
hydrochloric acid, more chloride is lost 
than sodium, with resulting production of 
alkalosis. ‘The excess of sodium in propor- 
tion to chloride in such states may go into 
the cell, displacing potassium which is 
eliminated. 

Loss of potassium may also result through 
procedures designed to treat the vomiting 
and certain other symptoms caused by 
intestinal obstruction. Suction by the Wan- 
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4B 4E 4F 
Fic. 4. Illustration of how parenteral fluids which contain no potassium help to produce and maintain 
low serum potassium levels. Case 15, a patient aged twenty-five. Diagnosis: ruptured duodenal ulcer; 
the patient vomited only one day prior to admission. A, January 30, 1948, prior to operation. Note 
tachycardia, upright T waves with slight depression of the S-T segments. Operation was performed 
(gastro-enterostomy). This patient was given fluids parenterally, saline and glucose, but was unable 
to take any food by mouth. bs, February 6, 1948, control shows T waves to precordial leads of some- 
what diminished amplitude followed by a second wave which resembles a U wave but may be part 
of a T wave (TU wave). The exact end of the T wave is difficult to determine. c, one hour and forty- 
five minutes after B, after 500 cc. of 1.2 per cent potassium chloride had been given; note increased 
amplitude of the T wave with absence of the U component of the TU wave. D, one hour later. Notice 
diminution in amplitude of the T wave with a small U wave. E, February 7, 1948, the patient had 
begun to take food by mouth earlier on this day. Note potassium to be 2.7 mEq./L. Note diminution 
of the U wave. Fr, February 10, 1948, the patient had been eating. The electrocardiogram is now 
relatively normal. 


gensteen or Miller-Abbott tube results in 
the loss of large amounts of fluid which con- 
tain considerable amounts of potassium. 
During periods of inanition there is a 
considerable loss of nitrogen from the cells. 
This also results in a loss of potassium 
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which is present in the cells in a ratio of 
2 Gm. of nitrogen to 1 mM. of potassium. 
Parenteral administration of glucose tends 
to diminish the serum potassium, causing 
potassium to enter the cells of the muscles 
and liver in association with glycogen 
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formation. This is particularly apt to occur 
when the cellular potassium is low. In 
addition glucose tends to produce a transi- 
ent depletion of salt and helps to eliminate 
potassium by production of diuresis. On 
the other hand, glucose has a sparing effect 
on protein loss which occurs when the 
patient is not taking food by mouth. 


POTASSIUM AND CARDIAC FUNCTION 


The action of potassium on the heart is a 
dual one, this ion affecting both impulse 
conduction and muscle contractility. The 
potassium ion is necessary for normal 
cardiac function; in the absence of potas- 
sium the isolated perfused mammalian 
heart will stop beating in systole. This can 
be corrected by adding potassium salts. 
On the other hand, if the concentration of 
potassium in the perfusion fluid is too high 
the heart will once again fail, this time in 
diastole due to a direct depressant action 
of the ion on the myocardium. Winkler, 
Hoff and Smith (1938)?! administered 
potassium chloride to dogs by slow intra- 
venous infusion and correlated changes in 
the electrocardiogram with the serum 
concentration of potassium. They found 
that alterations in the T wave appeared at 
serum concentrations of 5 to 7 mEq. /L., 
depression of the S-T segment at 8 to 10 
mEgq./L., intraventricular block at 10 
mEq. /L., disappearance of P waves at 
9 to 11 mEq./L. and cardiac arrest at 14 
to 16 mEq. /L. 

The electrocardiogram serves as a fairly 
good criterion of serum potassium values. 
This is suggested by the following points: 
(1) The importance of potassium in muscle 
contraction, the electrical events of which 
are recorded by. the electrocardiogram; 
(2) the fact that the heart is the first organ 
to be affected by this drug following intra- 
venous injection (even before skeletal mus- 
cle); (3) the almost immediate alterations 
in the electrocardiogram upon administra- 
tion of small doses of potassium (as low as 
50 cc. of isotonic potassium chloride); (4) 
the ability to follow the entire gamut of 
serum concentrations by the electrocardio- 


gram from Jow to normal, high and toxic 
concentrations; (5) the failure to encounter 
typical electrocardiographic patterns of 
high or low potassium values in normal 
electrocardiograms. 


THERAPEUTIC IMPLICATIONS 


These findings indicate that potassium 
salts should be included in the parenteral 
fluids used in states associated with ex- 
cessive vomiting. Darrow” suggests that 
the solution used to replace the electrolyte 
deficit should contain sodium chloride, 
sodium bicarbonate and potassium chloride 
when acidosis is present. In alkalosis, on the 
other hand, a solution containing sodium 
chloride and potassium chloride is indicated. 
The importance of establishing and main- 
taining a normal electrolyte balance can- 
not be over emphasized. Potassium chloride 
may be given intravenously, by clysis and by 
mouth. The intravenous route can be used 
in patients who are in some degree of 
shock and in the presence of diabetic 
acidosis. In other instances intravenous 
injection is usually associated with more 
or less severe pain at the injection site 
which renders its administration difficult. 
Administration by clysis is usually associ- 
ated with no discomfort. Administration 
by mouth can be resorted to when feasible. 


TOXICITY OF POTASSIUM 


A discussion of the toxic effects of potas- 
sium is of importance because the therapeu- 
tic indications are to supply potassium in 
larger quantities to overcome the potassium 
deficit. Potassium chloride has been given 
by mouth in doses from 5 to 15 Gm. with 
no untoward effects to patients with normal 
renal function. Most of the potassium is 
eliminated in a period of three to four hours. 
The toxicity following parenteral injection 
depends upon the rapidity and amount 
injected, the potassium level prior to 
injection, the renal function and probably 
the condition of the heart at the time of 
injection. In man, in absence of potassium 
deficit, the maximum amount considered 
safe to inject intravenously at one dose is 
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only 3 to 4 mg./Kg. of body weight.!"?8 
The chief danger in the use of potassium 
salts is the production of heart block. This 
develops when the extracellular concentra- 
tion rises to a little more than twice the 
normal value. If renal function is good, 
potassium is rapidly excreted when the 
concentration in the serum rises. However, 
rapid intravenous administration can ex- 
ceed the rate of excretion. Darrow”? esti- 
mated that 3.5 mM. of potassium or 
0.26 Gm. of potassium chloride per Kg. is 
a safe dose if used with proper precautions. 
The total dose should not be given in less 
than four hours and preferably should be 
given by slow drip in eight or more hours. 
For parenteral administration he suggests 
administration by hypodermoclysis since 
this method is safer than the intravenous 
route. Administration of potassium chloride 
should be combined with sodium chloride 
or sodium chloride and sodium bicarbonate 
together with intravenous glucose in water 
sufficient to supply the water requirement. 
The glucose probably facilitates the transfer 
of potassium to the cells. 

In the patients of our group, all of whom 
had low levels of serum potassium and 
probably low cellular potassium, we injected 
quantities from 100 to 700 cc. of 1.14 per 
cent solution without untoward effect in a 
period of one to three hours. Our experience 
would tend to indicate that patients in a 
depleted state of potassium can_ tolerate 
large quantities without untoward effects. 
In case of doubt it is suggested that the 
injections be given slowly and frequent 
electrocardiographic checks be made before 
additional quantities are administered. It is 
believed that the dangers of potassium 
intoxication have been considerably over- 
rated. 


SUMMARY 


1. The effect of severe vomiting upon 
the serum potassium level is discussed. 
The serum potassium was found to be low 
in fifteen patients with protracted vomiting 
and decreased still further following therapy 
with saline and glucose solutions. That the 
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depletion involved not only the serum 
potassium but the intracellular potassium 
is suggested by the small rise in serum 
concentration following injection of rela- 
tively large doses of potassium chloride. 
The relationship of a low serum potassium 
to serum concentrations of other electrolytes 
is discussed. 

2. The electrocardiographic patterns in 
hypopotassemia are described and _ the 
effects of administration of potassium are 
noted. The electrocardiogram is a fairly 
good criterion of potassium deficiency and 
of considerable importance in the diagnosis 
of this condition. 

3. Administration of potassium resulted 
in clinical improvement in the patients 
described and in a return of the electro- 
cardiogram to normal. Administration of 
this electrolyte in such states is important 
and in some patients may be life-saving. 
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Wolff-Parkinson-White Syndrome with 


Paroxysmal AV Nodal Tachycardia’ 
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INCE the original description of Wolff- 
Parkinson-White syndrome,’ a num- 
ber of theories have been suggested 

to explain the abnormal electrocardio- 
graphic pattern and associated attacks of 
paroxysmal tachycardia. The concept of 
an accessory pathway similar to the bundle 
of Kent? represents the most acceptable 
explanation to date. The demonstration of 
the existence of such an anatomic atrio- 
ventricular connection in a patient known 
to present the characteristic clinical and 
electrocardiographic findings during life 
offers further evidence of the validity of the 
concept.* Pre-excitation of one ventricle 
with the typical Wolff-Parkinson-White 
electrocardiographic tracings has been pro- 
duced experimentally previously;*”? in 
addition, using the same pathway, supra- 
ventricular tachycardia was produced when 
conduction was retrograde from ventricle 
to auricle. This evidence provides a satis- 
factory explanation for many of the features 
of the anomalous conduction in this syn- 
drome and suggests that the configuration 
of the QRS complex during the anomalous 
AV conduction could be explained by 
fusion from pre-excitation or by early 
excitation of one ventricle via the anomal- 
ous AV pathway and normal depolarization 
of the other ventricle by means of the 
normal conduction bundle and Purkinje 
system. 


New York, New York 


The theory of pre-excitation suggests the 
presence of ventricular asynchronism with 
the lag in ventricular contraction on the 
side opposite to the anomalous AV bundle. 
It has been shown? that the electrocardio- 
graphic pattern in Wolff-Parkinson-White 
syndrome may simulate both right and left 
bundle branch block, indicating an ano- 
malous AV conduction pathway on the 
left or right side of the heart, respectively. 

The manner in which the ventricle on 
the normal side is depolarized, however, is 
still uncertain. Originally it was believed 
that in most instances of Wolff-Parkinson- 
White syndrome excitation took place via 
the normal conduction pathway (His bun- 
dle and Purkinje system). Depolarization 
of this type would produce ventricular 
asynchronism characterized by a normal 
electrical-mechanical event relationship in 
the normal ventricle and an early onset 
of the mechanical event in the ventricle 
excited via the short-circuit pathway. In 
Kossman and Goldberger’s patient® the 
anomalous pathway was probably located 
on the right side as evidenced by a left 
bundle branch block pattern. However, 
they found a considerable delay in onset of 
ejection into the carotid artery which sug- 
gests delayed left ventricular contraction. 
This would be unexpected if activation of 
the left ventricle occurred via the His 
bundle and Purkinje system. They believe, 


* From the Cardio-Pulmonary Laboratory, Chest Service and the First Medical Service, Columbia University 
Division, Bellevue Hospital, New York, and the Department of Medicine, College of Physicians and Surgeons, Colum- 
bia University, New York, N. Y. Under grants from the Commonwealth Fund and the Life Insurance Medical Re- 
search Fund Gift for Study of Action of Certain Cardiovascular Drugs. 
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therefore, that the delay in contraction is 
dependent upon abnormal spread of activa- 
tion through the left ventricular muscle 


mass and suggest the following sequence of 


electrical events: ventricular excitation oc- 
curred very early on the anomalous side 
and the excitation wave spread through the 
right ventricular muscle mass, across the I. V. 
septum to activate the left ventricular 
muscle mass before the excitation wave 
from the AV node traveling over normal 
specialized conduction pathways reached 
the left ventricular musculature. 

The manner and sequence of ventricular 
activation may be further clarified by 
simultaneous registration of the electrical 
and mechanical events on both sides of the 
heart. Catheterization of the right ven- 
tricular chamber now makes this possible. 

Although an abnormal AV pathway is 
present, it has been constantly stressed that 
the characteristics of this syndrome are 
found predominantly in adults without 
evidence of heart disease. Detailed investi- 
gation of the hemodynamics of the circula- 
tion in these patients would be of interest to 
rule out any subclinical cardiac abnormali- 
ties. In addition, little precise informa- 
tion is available concerning adaptation 
of the circulation in man to paroxysmal 
arrhythmias. 

The present study consists in hemodyna- 
mic measurements made in two patients 
with all the characteristic features of the 
Wolff-Parkinson-White syndrome. Datacon- 
cerning one of them has been discussed 
briefly in a previous publication.’ 


METHOD 


Using the right heart catheterization technic, 
intracardiac, peripheral arterial and peripheral 
venous pressure tracings were recorded by 
means of Hamilton manometers and were 
registered simultaneously with the electro- 
cardiogram in two patients with Wolff-Parkin- 
son-White syndrome. A Cambridge instrument 
of the string galvanometer type was used for 
inscription of the electrocardiogram. The time 
lag in mechanical transmission of an impulse 
through the catheter has been found to be 0.01 
second.®* Cardiac output, using the direct Fick 


principle, was also measured and_ peripheral 
vascular resistance and stroke volume were 
computed. These data were obtained during 
the anomalous atrioventricular conduction and 
also during an attack of supraventricular 
tachycardia in each of the two subjects. One 
patient (G. F.), a woman of twenty-nine, had 
no evidence of organic heart or pulmonary 
disease. The other (K. N.), a male of forty-one, 
had pulmonary tuberculosis, a left thoraco- 
plasty and some disturbance in pulmonary 
function. Both were subject to spontaneous 
attacks of tachycardia. In one patient (G. F.) 
exploration of the right heart chambers, using 
a direct intracardiac lead placed in one side of 
a double lumen catheter,* permitted the 
electrocardiographic registration of intracavi- 
tary potentials simultaneously with the intra- 
cardiac pressure curves. The central terminal 
of Wilson was used as the indifferent electrode 
in this instance. 


ELECTROCARDIOGRAPHIC DATA 


The electrocardiograms taken before cath- 
eterization in both cases show the short PR 
and prolonged QRS intervals characteristic 
of the syndrome. In one patient (G. F.) a 
series of unipolar precordial leads, using 
Wilson’s central terminal, and the three 
augmented unipolar limb leads were taken 
and show a pattern similar to left bundle 
branch block with delayed activation over 
the left side of the heart, suggesting a right 
bundle of Kent. In the second patient 
(K. N.) the ORS complexes in the standard 
leads are similar to the right bundle branch 
block pattern, indicating a left Kent 
bundle. 

Introduction of the venous catheter into 
the right auricle in each case was followed 
by production of a paroxysmal supra- 
ventricular tachycardia with a ventricular 
rate of 187 and 178, respectively. Identifica- 
tion of the location of the ectopic pacemaker 
was difficult in one patient (G. F.) until the 
registration of the intracardiac  (intra- 
auricular) pattern identified it as AV 
nodal in origin, with a retrograde P wave 
falling after the descending limb of the R 


* This catheter was supplied by the United States 
Catheter & Instrument Corp., Glens Falls, N. Y. 
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Fic. 1, Records taken during nodal tachycardia in patient G. F. Simultaneous records are shown of the brachial 
artery (B. A.) pressure and the intracardiac lead with the right atrial, superior vena cava and subclavian vein 


pressure tracings. The standard leads 1, 1 and m of the electrocardiogram are also shown. Note the markedly ab- 
normal pressure tracings in the right atrium (RT. aT.) and superior vena cava (sup. VENA CAVA) and the chang- 
ing character of the intracardiac lead as it was displaced from auricle to subclavian vein. The retrograde P wave 


(P) is well seen in the auriculogram. 


wave. (Fig. 1.) In addition the auricular 
pressure curves, to be discussed later, proved 
to be characteristic of this particular ar- 
rhythmia as shown by Lewis.’® In the second 
patient (K. N.) no intracardiac lead was 
available but auricular pressure curves 
obtained during the supraventricular tachy- 
cardia were identical with those of the first 
patient. This fact plus the electrocardio- 
graphic evidence in the standard leads 
makes the diagnosis of AV nodal tachy- 
cardia in this case most likely. 


HEMODYNAMIC DATA 


Data obtained in the two patients are 


tabulated in Table 1. For comparison aver-- 


age values obtained in normal subjects are 
also presented. 

During Nodal Tachycardia. In both cases 
during nodal tachycardia the changes in 
hemodynamics followed the same pattern. 
This tachycardia was characterized by a 
retrograde P wave identified by the intra- 
cardiac lead. (Fig. 1.) There was, however, 
a marked alteration of pressures in the right 
auricle, superior vena cava and, to a lesser 
degree, in the subclavian vein (Fig. 1 and 
Table 1) as compared with the normal 
tracings. (Fig. 2 and Table 1.) The contour 
of the abnormal pressure curves in the 
auricle during nodal tachycardia are identi- 
cal to those in the jugular tracings described 
by Lewis? who considered them to be 
combination A and c waves. The curves in 
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the superior vena cava resemble those in 
the right auricle very closely. Jugular vein 
tracings would, no doubt, approximate 
those in the superior vena cava since there 
is no valve between these two venous chan- 
nels. There is a striking difference, however, 
in the tracings taken in the subclavian vein, 
largely because a competent venous valve 
separates this vein from the innominate. 
This is evidenced also by the large pressure 
difference between the superior vena cava 
and subclavian vein. In spite of the dampen- 
ing effect of this valve on the pulse wave 
as it travels through the large intrathoracic 
veins, a sharp rise in pressure appears cor- 
responding to the rise in pressure in the 
right auricle. Comparison of the mean 
pressures in the right auricle during Wolff- 
Parkinson-White conduction and _ nodal 
tachycardia (Table 1) demonstrates the 
considerable increase in pressure during 
tachycardia. During aberrant conduction 
the right atrial mean pressure was 2.0 mm. 
Hg (27 mm. of water) and during nodal 
tachycardia the mean pressure rose to 
8.0 mm. Hg (109 mm. of water). The peaks 
of pressure rise actually reach 20 mm. Hg 
(272 mm. of water) while normal auricular 
systole rarely exceeds 5 mm. Hg (68 mm. of 
water). This peak pressure rise approaches 
the normal right ventricular systolic pres- 
sure level. (Table 1 and Fig. 1.) 

Onset of the auricular pressure rise 
during tachycardia occurs 0.11 second after 
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Fic. 2. Records taken during Wolff-Parkinson-White conduction in patient G. F. The blood pressure records were 
taken in the right ventricle (RT. veNT.), the brachial artery (Ba), the right atrium (xr. aT.) and the subclavian vein 
(suBCLAV. v.). Many artefacts are seen in the tracings from the right ventricle and atrium; the pressures, however, 


appear essentially normal. 


the beginning of the QRS complex and 
precedes in time the electrocardiographic 
inscription of the retrograde P wave which 
falls after the descending limb of the ORS 
complex. (Fig. 1.) Normally the onset of 
ventricular systole, as recorded in the auric- 


pressure rise in the right auricle is probably 
due to the summation of two events: (1) 
regurgitation of blood through the tri- 
cuspid valve during ventricular isometric 
contraction and early ejection and (2) 
auricular systolic contraction following the 


TABLE I 
HEMODYNAMIC STUDIES IN TWO PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME 
AND NODAL TACHYCARDIA 


Blood Pressures in mm. Hg Cardiac Output 


Brachial Artery Right 
Ventri- | 
cle | 
(Syst. / 
Diast.) 


Supe- 
Right rior 
Atrium) Vena | 
(Mean)| Cava 

(Mean) 


Patient Sub- 
clavian 
Vein 
(Syst. , | (Mean) 


Diast.) | Mean) 


| 
+ 0.4 50-90) 


Normal... 
G. F. 
Nodal tachycardia. . /7 
W-P-W conduction 
with right bundle 
Nodal tachycardia... 178 
W-P-W conduction 
with left bundle of 
121 


1600 


1590 


ular pressure tracing, occurs 0.06 to 0.09 
second after the beginning of the QRS. 
The abnormally high upward deflection 


retrograde P wave. Both events occurring 
in rapid succession would be inscribed as a 
single upward deflection of marked ampli- 


in the auricular pressure wave simulates a 
ventricular pressure curve and has lost the 
normal A, C and V waves. This abnormal 


tude. The cause of the tricuspid regurgita- 
tion is probably to be ascribed to the 
absence of a normal auricular systole 
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occurring near the end of ventricular dias- 
tole. The role played by auricular systole 
in the closure of the AV valves has been 
emphasized by many authors. According 
to Wiggers,'’® production of turbulent flow 
with formation of eddies tends to close the 
valves. In addition an area of negative 
pressure develops in the axial stream when 
the jet of blood is suddenly stopped at the 
end of auricular systole. Into this area of 
negative pressure blood is drawn from the 
sides ‘‘much as water in the wake of a ship”’ 
and the valves are carried with the blood 
and approximate their leaflets. 

As in nodal tachycardia the auricular 
systole follows the onset of ventricular sys- 
tole, these mechanisms for the valve leaflet 
approximation are not operating at the 
proper time in relation to ventricular sys- 
tole. Furthermore, mechanical auricular 
systole occurs against a closed tricuspid 
valve since the ventricle is contracting and 
intraventricular pressure is high. The very 
high peak of auricular pressure probably 
favors retrograde flow into the intra- 
thoracic venous system as far as the periph- 
eral venous valves during part of the 
cardiac cycle. Thus auricular filling which 
normally takes place during ventricular 
systole is inadequate because of retrograde 
flow and abnormally high auricular pres- 
sures. The filling of the auricles is therefore 
limited to the very short interval during 
which the auricular pressure is falling and 
the filling of the right ventricle during the 
short period of diastolic inflow is probably 
inadequate. 

It is not surprising, therefore, that the 
cardiac output during tachycardia remains 
unchanged as compared to the cardiac 
output during Wolff-Parkinson-White con- 
duction and normal rhythm and that stroke 
volume is considerably reduced. It should 
be emphasized that the cardiac output was 
determined fifty minutes after the onset of 
nodal tachycardia and it is impossible to 
predict how long the systemic flow would 
remain at that level. 

It has been just noted that the mean 
pressure in the subclavian vein is lower 
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than in the large veins of the thorax, a 
situation somewhat different from that 
arising in the usual type of tricuspid insuf- 
ficiency’! with right ventricular and auricu- 
lar dilatation associated with large blood 
volumes and cardiac failure. The periph- 
eral venous flow in the arm must there- 
fore be discontinuous, taking place only 
after the large retrograde wave moving 
from the auricle into the large vessels of the 
thorax has passed. As is well known clinical 
observation of jugular venous pulsations 
provides in these arrhythmias more infor- 
mation than measurement of the peripheral 
venous pressure. 

In an attempt to secure right ventricular 
pressure tracings during nodal tachycardia 
in both cases the catheter was advanced 
from the right auricle into the right ventri- 
cle. This maneuver broke the nodal tachy- 
cardia in both patients. In one (G. F.), a 
continuous electrocardiogram was recorded 
during movement of the catheter and 
resumption of normal sinus rhythm with 
Wolff-Parkinson-White conduction was pre- 
ceded by a premature ventricular systole. 

During Wolff-Parkinson-White Conduction. 
During normal sinus rhythm with Wolff- 
Parkinson-White conduction the hemo- 
dynamics of the circulation in one patient 
(G. F.) were entirely normal. The cardiac 
output, peripheral vascular resistance and 
arterial blood pressures were the same as 
during tachycardia (Table 1) but right 
auricular and subclavian vein mean pres- 
sures were lower. The right ventricular 
pressures were within normal limits. (‘Table 
1 and Fig. 2.) 

The second patient (K. N.) had a low 
cardiac output and a slightly elevated right 
ventricular systolic pressure during sinus 
rhythm with Wolff-Parkinson-White con- 
duction. (Table 1.) These findings are 
compatible with the diagnosis of early cor 
pulmonale related to chronic pulmonary 
disease and collapse of one lung by thoraco- 
plasty. Arterial blood pressures and periph- 
eral vascular resistance were normal 
and the same as when measured during 
nodal tachycardia. The right ventricular 


730 
diastolic and right auricular mean pressures 
were within normal limits and the latter 
was considerably lower than during the 
arrhythmia. Stroke volume increased but 
was still low during aberrant conduction. 
This resulted from the dual effect of low 
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mechanical relationship seen in these two 
patients (Table 1) during aberrant AV ex- 
citation and nodal tachycardia, comparison 
with normal intervals (Table 1) is essential. 
Three time intervals are to be considered: 
(1) the time interval between the beginning 


TABLE II 
ELECTROCARDIOGRAPHIC DATA AND ELECTRICAL MECHANICAL INTERVALS IN TWO PATIENTS 
WITH WOLFF-PARKINSON-WHITE SYNDROME 


| 
| 
Patient — 


Electrocardiographic 
Data. (sec.) 


PR 


Interval 


Electrical Mechanical Intervals, 


(sec.) 


ORS 


Interval 


Q-BA, 


G. F. 
Nodal tachycardia... .. 
W-P-W conduction with dae bundle | 
of Kent. | 
K. N. 
Nodal tachycardia..... 
W-P-W conduction with: left bundle | 
of Kent 


0.12-0.20 | 0.06-0.10 


0.05-0.11 | 0.06-0.09 | 0.14-0.19 
0.06 


0.12 


0.08 


0.12 


cardiac output and sinus _ tachycardia. 
(Table 1.) 

In summary, a comparison of the hemo- 
dynamic data obtained during Wolff- 
Parkinson-White conduction and during 
paroxysmal nodal tachycardia in these two 
patients shows that during the latter: (1) the 
cardiac output was unchanged with the 
development of striking pressure abnormali- 
ties in the right auricle and despite marked 
increase in ventricular rate, (2) the stroke 
volume was greatly diminished and (3) the 
arterial blood pressure and_ peripheral 


vascular resistance were not altered. 


ELECTRICAL-MECHANICAL EVENTS 


It is generally agreed that there is no 
abnormality in auricular activation in 
Wolff-Parkinson-White syndrome. The basic 
disturbance appears to be abnormal ven- 
tricular excitation. An analysis of the time 
intervals between electrical and mechanical 
events in the cardiac cycle was undertaken 
in order further to elucidate this problem. 
In considering the abnormal electrical- 


of the P wave and the onset of auricular 
systole (P-AT,), (2) the time interval be- 
tween the beginning of the initial deflection 
of the QRS complex (Q) and the onset of 
right ventricular systole (Q-RV,) and (3) 
the time interval between the beginning of 
© and the onset of pressure rise in the 
brachial artery (Q-BA,). This latter gives 
indirect information as to the contraction of 
the left ventricle. No attempt has been 
made to delineate the relationship in time 
of diastole to the electrical events. 

During Nodal Tachycardia. In both pa- 
tients during the AV nodal tachycardia it 
was impossible to determine the P-AT, time 
interval because of the distorted pressure 
curve and the presence of a retrograde P 
wave. No information is available concern- 
ing events in the right ventricle during the 
arrhythmia since passage of the catheter 
into this chamber interrupted the tachy- 
cardia and restored the aberrant conduction 
and sinus rhythm. From analysis of the 
relationship of electrical-mechanical events 
in the brachial artery (Table 1) it can be 
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seen that the Q-BA, time during tachy- 
cardia was normal in both cases. At this 
time presumably depolarization of both 
ventricles wa: accomplished via the nermal 
conduction system as evidenced by the 
normal ORS interval (Table 11) of 0.06 and 
0.08 second, respectively. 

During Wolff-Parkinson-White Conduction. 
During Wolff-Parkinson-White conduction 
and sinus rhythm the electrical-mechanical 
event relationship in the right auricle, as 
expressed by the P-AT, interval, was nor- 
mal in both patients. 

Analysis of the ventricular events, how- 
ever, reveals similar abnormalities in both 
patients. ‘hese are characterized by pro- 
longation of both the Q-BA, and Q-RV, 
intervals, indicating a delay in the onset 
of the systole in both the right and left 
ventricles. It seems evident that neither 
ventricle is activated by the normal con- 
duction pathways. Rather it is likely that 
the ventricular excitation wave is con- 
ducted entirely via muscular tissue. Since 
the velocity of impulse transmission is 
slower in muscle (approximately 400 mm./ 
sec.) than in specialized conduction tissue 
(4,000 mm./sec.),* prolongation of the 
Q-BA, and Q-RYV, intervals is compatible 
with the theory that the short circuit path- 
way carries the impulse directly into ven- 
tricular muscle mass, depolarization then 
spreading through both ventricles by muscu- 
lar pathways. A necessary corollary to the 
theory of muscular conduction in both 
ventricles during anomalous excitation is 
that the accession wave traveling over the 
normal conduction system on the contra- 
lateral side arrives to find the normal 
ventricle already partially depolarized and 
therefore refractory. Marked prematurity 
of conduction to the ventricle via the 
anomalous bundle® or relative prolongation 
of the delay at the AV node of the normal 
electrical activation,’ or both, would per- 
mit the pre-excitation wave to reach the I.V. 
septum and activate the normal side before 
the arrival of the normally progressing 
impulse. This would occur provided the 
terminus of the aberrant AV bundle is not 
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too far from the interventricular septum. 
Mahaim” has identified and stressed this 
particular location of an accessory pathway. 
Consideration of the electrical-mechanical 
events in each case supports this theory. 

In the patient (G. F.) with an electro- 
cardiographic pattern similar to left bundle 
branch block and suggesting a right bundle 
of Kent, the onset of systole is markedly 
delayed on the left or normal side of the 
heart, as evidenced by a prolonged Q-BA, 
time interval (Table 1), while the Q-RV, 
interval is only slightly prolonged. The 
marked lengthening of the Q-BA, time 
interval and the delayed activation over 
the left side of the heart in the precordial 
leads suggest that the impulse reaches the 
left ventricle only after initial activation of 
the right. 

In the patient (K. N.) who had a right 
bundle branch block pattern and _ pre- 
sumably a left bundle of Kent the onset of 
systole was markedly delayed in both 
ventricles as evidenced by prolonged Q-RV, 
and Q-BA, time intervals. (Table 1.) The 
lengthening of these time intervals can be 
explained by an aberrant AV conduction 
into the base of the left ventricle with subse- 
quent activation of both ventricles by 
spread of the impulse through left ventricu- 
lar muscle mass, interventricular septum 
and right ventricular muscle mass. How- 
ever, both patients had identical Q-BA, 
time intervals although in one the aberrant 
bundle was opposite in location to the other. 
If one assumes that it requires approxi- 
mately 0.04 to 0.06 second® for an impulse 
to travel from one ventricle to the other, 
as is the case in patients with true bundle 
branch block, then the patient (G. F.) who 
had a right aberrant bundle may have 
ventricular asynchronism entirely due to 
late activation of the lagging left ventricle. 
In the patient with a left anomalous path- 
way (K. N.) the delay on the right side is 
easily explained by the time required for 
the impulse to reach and to stimulate fully 
the right ventricle. The delay on the left 
side, however, is as great as on the right. 
If it requires 0.05 second to activate com- 
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pletely the thicker ventricle, even though 
the impulse reaches it first in this patient, 
it is difficult to see why the Q-BA, time 
in the first patient (G. F.) is not longer 
since the impulse starts from the right 
ventricle in this instance and must travel 
over to the left. It may be that the location 
of the distal end of the aberrant pathway 
is sufficiently variable in patients with the 
bundle of Kent on the same side to account 
for entirely different sites of origin of the 
initial ventricular excitation as well as dif- 
ferent sequences of depolarization. If in the 
patient with a right Kent bundle (G. F.) the 
bundle is long and the terminus lies near 
the interventricular septum, the excitation 
wave would spread in opposite directions 
and depolarization begin at nearly the 
same time in each ventricle. The difference 
in delay on each side, therefore, would be 
largely a matter of ventricular thickness. 
If the bundle is short and the terminus in 
the second patient lies near the base of the 
left ventricle, the pathway taken by the 
excitation wave would be more circuitous 
and the delay in the left ventricular me- 
chanical event would be due to slow pro- 
gression of the wave through a thick wall. 
Delay on the right would result both from 
the late arrival of the impulse on that side 
and delayed progression of electrical stimu- 
lation through the thinner right ventricular 
wall. With a cor pulmonale, the increased 
right ventricular muscle mass might 
further prolong the Q-RV,. The net result 
in this instance would be a nearly synchron- 
ous contraction of both ventricles. 

In summary, the data obtained by 
analysis of electrical-mechanical events in 
this syndrome suggests that the anomalous 
bundle is probably located on opposite 
sides of the heart in each patient. There is 
probably abnormal activation of both 
ventricles in each case, due in _ large 
measure to exclusive muscular conduction 
of the excitation wave. Ventricular asyn- 
chronism may and probably does exist in 
one patient and is probably absent in the 
second patient because of: (1) differences 
in location of the terminus of the aberrant 
pathway with resultant alteration of the 


sequence of depolarization and (2) dif- 
ferences in thickness of the two ventricles. 


INTRACAVITARY POTENTIALS 


In one patient (G. F.), using the intra- 
cardiac electrode, intracavitary potentials 
were recorded during nodal tachycardia 
and sinus rhythm with Wolff-Parkinson- 
White conduction. 

During nodal tachycardia, as can be seen 
in Figure 1, with the electrode in the 
auricle the ORS complex probably consists 
of a small initial positive deflection (R) 
followed by a deep negative deflection (S) 
and small final positive wave (R’). Im- 
mediately following the QRS complex 
there is a biphasic rapid deflection charac- 
terizing the retrograde P wave. When the 
intracavitary electrode was located in the 
superior vena cava the ventricular complex 
no longer showed an initial positive deflec- 
tion. The retrograde P wave has almost 
entirely lost its biphasic character. The 
pattern recorded in the subclavian vein no 
longer shows any P wave and the negative 
T wave is now discernible. 

Standard leads in this patient show supra- 
ventricular tachycardia. Further identifica- 
tion of the origin of the arrhythmia was 
made possible only by location of the 
retrograde P wave in the auriculogram. 

During Wolff-Parkinson-White conduc- 
tion with presumably a right accessory 
pathway, the intracavitary potentials re- 
corded in the right ventricle in G. F. 
(Fig. 2) were characterized by an upright 
P wave and a QRS which begins with a 
small positive deflection (R) followed by a 
rapid but small S wave and a large final 
R’. The T wave is upright and there may 
be a small U wave which follows it. The 
auriculogram showed the expected varia- 
tion of the P wave with different positions 
of the electrode. When the electrode was 
near the tricuspid valve (Fig. 2) in about 
the mid-auricular position, the ventricular 
deflections consist of a large negative 
followed by a large positive component. 
The T wave is difficult to delineate. With 


the electrode high in the auricle, near the 
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SA node, the QRS consists of R, S and R’ 
with a positive T wave. 

The ventriculogram does not resemble 
those seen with classical left bundle branch 
block.'*'4 There appears to be no current 
of injury to distort the curve. However, the 
QRS does not have the usual right ventric- 
ular pattern of a small R and a deep S!*1"4 
reported as normal. Insufficient knowledge 
concerning the different patterns that may 
be found in normal right ventricles pre- 
cludes further interpretation of the intra- 
cavitary potentials in this patient. 


SUMMARY AND CONCLUSIONS 


Using the right heart catheterization 
technic, intracardiac and peripheral arterial 
and venous pressure tracings were recorded 
simultaneously with the electrocardiogram 
in two patients with Wolff-Parkinson-White 
syndrome. Cardiac output, peripheral re- 
sistance and stroke volume were also 
measured. ‘These data were obtained during 
the anomalous atrioventricular conduction 
and also during an attack of supraventricu- 
lar tachycardia in each of the two patients. 

In one case exploration of the right heart 
chambers, using a direct intracardiac lead, 
permitted the electrocardiographic registra- 
tion of intracavitary potentials simultane- 
ously with the intracardiac pressure curves. 
In this case identification of the supra- 
ventricular tachycardia as nodal could only 
be made in the intracardiac lead tracing. 

The information obtained in these two 
patients suggests that the anomalous con- 
duction pathway was located on different 
sides of the heart in each patient and that 
ventricular excitation was not normal in 
either ventricle during aberrant conduction. 

Hemodynamic studies during the first 
fifty minutes of the nodal tachycardia 
demonstrate that there were marked pres- 
sure and presumably filling abnormalities 
in the right auricle related to tricuspid 
insufficiency and an auricular systole ab- 
normal in time. With these alterations and 
despite the increased rate, the cardiac out- 
put was unchanged. 

During Wolff-Parkinson-White conduc- 


tion and sinus rhythm, intracardiac and 
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arterial blood pressures and systemic flow 
were normal in one patient. Abnormalities 
in these values found in the other patient 
could be ascribed to a coincident early 
cor pulmonale. 
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HE diagnosis of myocardial infarc- 

tion is not infrequently a difficult 

one, especially in cases in which the 
electrocardiographic changes are absent, 
minimal or atypical. In these situations 
laboratory procedures such as the sedi- 
mentation rate and white count, which are 
commonly used as diagnostic aids, may be 
of little value because of the non-specificity 
of these tests. With these facts in mind, it 
was postulated that an approach could be 
made to a more accurate diagnosis of 
myocardial infarction if substances derived 
from the breakdown of infarcted heart 
muscle could be detected and measured in 
the blood or urine of such patients. 

Since the breakdown of infarcted heart 
muscle by proteolytic enzyme activity could 
conceivably result in the release of cardiac 
muscle proteins and their breakdown prod- 
ucts into the blood, it was thought that 
investigation of serum protein changes 
following myocardial infarction would be of 
interest. The previous work of Winzler and 
Burke’ and the continuing studies of 
Winzler* on serum proteose changes in 
animals and man with cancer attracted our 
attention to study of the quantitative change 
of this serum component following the 
occurrence of myocardial infarction. Al- 
though this material was originally desig- 
nated as a proteose because it is heat-stable, 
perchloric acid soluble, non-dialyzable and 
can be salted out with saturated ammonium 
sulfate,*® further studies on the chemical and 
physical properties of this material by 


Winzler’ indicate that it may be classified 
more properly as a mucoprotein. ‘Therefore, 
this communication constitutes a study of 
the quantitative changes in a serum muco- 
protein following the occurrence of myo- 
cardial infarction in man. Although an 
increase in the serum concentration of this 
mucoprotein following myocardial infarc- 
tion cannot be considered specific for this 
condition, as originally hoped, this pro- 
cedure has nevertheless proved helpful as 
a diagnostic aid under certain circumstances. 


METHOD AND MATERIALS 


Principle. The method for determination of 
the serum mucoprotein componentf studied 
here was adapted from the procedure recently 
developed by Winzler and his associates.* It 
is based upon the fact that this material is not 
precipitated by 6 per cent perchloric acid which 
does, however, precipitate the other serum 
proteins. Following removal of the serum pro- 
teins by perchloric acid, the mucoprotein which 
has remained in solution is precipitated by 
phosphotungstic acid, and the precipitate is 
quantitatively measured by the biuret or tyro- 
sine color reactions. In this study the biuret color 
reaction was used for determination of serum 
mucoprotein. 

Details of Method. To an exactly measured 
volume of serum, preferably 6 ml. obtained 
from 15 to 20 ml. of clotted blood, is added « 
solution of 6 per cent perchloric acid in an 
amount which is twice the volume of the serum 
sample. The mixture is shaken well and allowed 

+ For the sake of convenience this material will be 


referred to as ‘‘serum mucoprotein”’ throughout the rest 
of this paper. 


* From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, Calif. Endowed by grants 
from the Blanche May and Beaumont Trust Funds. 
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to stand ten minutes. A heavy whitish-yellow 
precipitate forms. At the end of ten minutes the 
solution is filtered, using No. 50, 9.0 cm. What- 
man filter paper. The time required for com- 
plete filtration varies from forty-five minutes 


to two hours. The filtrate should be clear and — 


colorless; if any turbidity is seen, it should be 
refiltered through -the same filter until clear. 
Exactly 10 ml. of the filtrate, measured with a 
10 ml. volumetric pipet, is placed in a 15 ml. 
centrifuge tube and 2 ml. of 5 per cent phos- 
photungstic acid in 2 N HCl is added. A 
flocculent precipitate is formed. The solution 
is gently agitated and allowed to stand for ten 
minutes. The precipitate is separated by centri- 
fugation for ten minutes. The clear supernatant 
is decanted and the precipitate is washed with 
5 ml. of 5 per cent phosphotungstic acid in 2 N 
hydrochloric acid. After centrifugation the 
supernatant is again decanted. 

The precipitate is dissolved in exactly 5 ml. 
of 0.2 N sodium hydroxide. At the same time a 
blank tube is prepared with 5 ml. of 0.2 N 
sodium hydroxide and a standard tube with 
5 mg. casein in 5 ml. of 0.2 N sodium hydroxide. 
One ml. biuret reagent* is added to the blank, 
the standard and the unknown sample. The 
tubes are placed in the dark for one hour to 
permit full color development. At the end of an 
hour the color in the tubes is read with a Klett- 
Summerson Photoelectric Colorimeter using a 
green filter No. 54. 

The serum concentration of this material may 
be calculated by the following formula: 


Colorimetric reading of unknown 


or pathologic examination of the heart. The 
usual procedure was to determine the serum 
mucoprotein level twice a week for the first 
two weeks and then once weekly thereafter for 
the duration of the hospital stay. All patients 
were hospitalized and practically all of the blood 
samples were obtained between 9 and 11 A.M. 
In a few patients serum mucoprotein levels were 
obtained two to four months after onset of the 
illness at a time when satisfactory convalescence 
from the acute episode had been brought 
about. The corrected Wintrobe sedimentation 
rate* was obtained each time a mucoprotein 
determination was made. In a few instances 
the Linzenmeier sedimentation rate® was taken. 
Serum mucoprotein levels were correlated with 
sedimentation rate, leukocyte count, body 
temperature of the patient and the patient’s 
clinical status. In this series there were eight 
deaths. Autopsy was performed on two of these 
patients and in both instances the clinical 
diagnosis was confirmed. 

Serum mucoprotein levels were also deter- 
mined in a second series of twelve patients who 
complained of prolonged chest pain and in 
whom it was at first difficult to tell whether or 
not a recent myocardial infarction had occur- 
red. There were patients in this group who had 
angina pectoris, paroxysmal tachycardia, fibro- 
sitis and pain of psychogenic origin. 

Serum mucoprotein levels were determined 
in a third group of twenty-six hospital patients 
with miscellaneous non-cardiac illnesses. 


Colorimetric reading of standard 


< 5 mg. casein X 100 


Mg. mucoprotein per 100 ml. serum = 


Volume of filtrate used for determination 


volume serum 


Normal mucoprotein values ranged from 40 to 
90 mg. per 100 ml. of serum. These values which 
were obtained in this laboratory correlated well 
with those found by Winzler.* 

Serial serum mucoprotein determinations 
were performed on twenty-three patients in 
whom the diagnosis of a recent myocardial in- 
farction was made and subsequently was con- 
firmed by either electrocardiographic changes 

* Composition of biuret reagent: 500 mg. CuSO,: 
5H,0, 5 ml. 28 per cent ammonium hydroxide, 85 ml. 


40 per cent carbonate-free sodium hydroxide diluted to 
100 ml. with distilled water. 
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Total volume of filtrate 


RESULTS 


Serum Mucoprotein Changes in Myocardial 
Infarction. In all but two of the twenty- 
three patients with a proven diagnosis of 
myocardial infarction there was a clearcut 
rise in the serum mucoprotein level. It was 
found that a characteristic rise and fall of 
serum mucoprotein occurred following the 
clinical onset of the disease. (Fig. 1.) The 
peak of the rise in serum mucoprotein 
exceeded the value considered as the upper 
limit of normal in all but three instances. In 


2 
& 


730 
this series the actual rise in mucoprotein 
above each patient’s normal value varied 
from 22 to 160 mg. per 100 ml. A tabulation 
of the results obtained for each patient 
may be seen in Table 1. 

It was found that serial determinations 
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first two days. For example, in this series 
there were mucoprotein levels above the 
range of normal in five of eight determina- 
tions performed on patients during the first 
two days. The peak of the rise in muco- 
protein occurred on the fifth and sixth days. 
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Curve illustrating serum mucoprotein response 


following myocardial infarction. This curve is based upon 
the average serum mucoprotein values of the twenty-three 


cases listed in Table 1. 
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Fic. 2. A typical serum mucoprotein response to myo- 
cardial infarction. Case J. R., a sixty-six year old white male. 
Diagnosis: recent myocardial infarction of the anterior 
wall. It will be noted that there was no correlation between 
serum mucoprotein and sedimentation rate (Wintrobe). 


of serum mucoprotein offered a great deal 
more information than the absolute serum 
mucoprotein level obtained at any specific 
time after the onset of the patient’s attack. 
A definite elevation of the serum muco- 
protein did not take place in all patients 
until the third day after onset of the attack. 
In individual cases there may or may not be 
an increase in this substance during the 


On the whole, this elevation was maintained 
until the ninth day; thereafter the serum 
mucoprotein concentration gradually de- 
clined, approaching normal values at the 
end of a month. After two or three months 
the values always returned to the normal 
range. In individual cases there was a 
variation in the time at which the muco- 
protein level returned to normal. ‘This may 
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Fic. 3. Serum mucoprotein response to myocardial in- 
farction with terminal azotemia and shock. Case 
L. M., a fifty-four year old white male. Diagnosis: 
recent myocardial infarction of posterior wall. 


The patient died with terminal azotemia and shock 
on the thirteenth day after coronary occlusion; no 
autopsy was obtained. A return to normal muco- 
protein values occurred despite shock and terminal 
azotemia. In this case the sedimentation rate (Win- 
trobe) paralleled the serum mucoprotein values. 
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occur as early as the tenth day. Typical 
mucoprotein responses to myocardial infarc- 
tion as shown in Figures 2, 3 and 4. 

The following two cases illustrate the fact 
that serial mucoprotein determinations were 
more informative than any single level. In 
one, Table 1, Case 9, a patient who had 
bronchogenic carcinoma with bone metas- 
tases developed an anterior wali myocardial 
infarction. The characteristic rise and fall 
of serum mucoprotein noted after a myo- 
cardial infarction was superimposed upon 
an already elevated mucoprotein level 
caused by the pre-existent bronchogenic 
carcinoma. Although a single determination 
for mucoprotein would have meant little 
in this case, serial determinations aided in 
showing the characteristic changes ob- 
served following myocardial infarction. In 
the second case, Table 1, Case 22 (Fig. 5), 
a patient who had a coronary occlusion 
some months previously continued to have 
anginal attacks and was hospitalized be- 
cause of severe substernal pain of two hours’ 
duration. Serial determinations showed no 
change in the serum mucoprotein level 
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Fic. 4. Graph illustrating optimum times for serial serum 
mucoprotein determinations. Case I. C., a sixty year old 
white male. Diagnosis: recent myocardial infarction of 
posterior wall. In this case the rise in serum mucoprotein 
during the first week aided in the diagnosis because the 
electrocardiographic changes were not well defined until the 
twelfth day. There seemed to be no apparent correlation 
between sedimentation rate (Linzenmeier) and serum 


mucoprotein. 
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which was below the usual range of normal. 
On the eighth hospital day he had another 
attack of severe substernal pain with 


collapse. Following this there was a rise of 
22 mg. per 100 ml. in the concentration of 
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patients of this series did not exceed the 
value established as the upper limit of 
normal. One of these patients, Table 1, 
Case 22, was described in the preceding 
paragraph. Another of these patients, Case 


16, died within twenty-four hours after 


serum mucoprotein. Although the highest 
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Fic. 5. Graph illustrating the importance of serial serum 
mucoprotein determinations although values occur within 
the normal range. Case I. S., a forty-nine year old male. 
Diagnosis: myocardial infarction. A patient with two previ- 
ous coronary occlusions had angina pectoris for six months. 
He was admitted to the hospital with severe substernal pain. 
Despite fever and rapid sedimentation rate (Wintrobe) the 
serum mucoprotein remained normal and no electro- 
cardiographic changes were noted. On the eighth hospital 
day the patient suffered another severe attack of substernal 
pain associated with collapse. The temperature was elevated, 
serum mucoprotein rose 22 mg. per 100 ml. above the previ- 
ous level and changes in the electrocardiographic record 
were atypical. The second attack was interpreted as myo- 
cardial infarction whereas the first episode was considered to 
be premonitory symptoms anticipating the myocardial 
infarction. 


absolute value of serum mucoprotein ob- 
tained was within the range of normal 
(66 mg. per 100 ml.), the significant increase 
in mucoprotein concentration, correlated 
with the characteristic curve of the rise and 
fall of serum mucoprotein, indicated the 
occurrence of a myocardial infarction fol- 
lowing the second attack of pain. The 
occurrence of a few atypical ECG changes 
following the second bout of pain but 
not following the first strengthened this 
conclusion. 

As just mentioned the highest muco- 
protein level obtained in three of the 


onset of his attack and the single muco- 
protein determination obtained was normal. 
However, serum mucoprotein may not be 
increased on the first day. The third patient, 
Case 10, had an anterior wall myocardial 
infarction with a typical clinical picture and 
electrocardiographic changes. In this case 
the mucoprotein concentration rose only 
15 mg. per 100 ml. to a peak value of 
93 mg. per 100 ml. Although a rise in serum 
mucoprotein did occur in this case, the 
findings were not considered clearcut enough 
to indicate a positive response to myocardial 
infarction. 
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In this series one patient, who entered the 
hospital with acute anterior wall myo- 
cardial infarction, was of unusual interest 
because he had another myocardial infarc- 
tion on the twelfth hospital day. This was 


of these patients had developed a myo- 
cardial infarction. ‘Two patients with par- 
oxysmal tachycardia had normal serum 
mucoprotein values despite the findings of 
a rapid sedimentation rate in both. One 


confirmed later at autopsy. In this case — patient with chest pain due to neuro- 
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Fic. 6. Graph illustrating serum mucoprotein values follow- 
ing two myocardial infarctions. M. B., a fifty-nine year old 
white male, was admitted to the hospital with recent myo- 
cardial infarction of the anterior wall. Serum mucoprotein 
which was greatly elevated on admission was returning to- 
ward normal when the patient had a second attack of chest 
pain on the eighteenth day. Serum mucoprotein rose again 
and the electrocardiographic changes were indicative of a 
new posterior wall infarction. The patient died on the forti- 
eth day after the initial attack. At autopsy an older anterior 
wall infarction and a recent posterior wall infarction were 
found. Again, no correlation between the serum muco- 
protein and sedimentation rate (Linzenmeier) was found. 


there was a marked rise in serum muco- 
protein following the occurrence of each 
infarct. ‘This is illustrated in Figure 6. 
Serum Mucoprotein in Other Conditions Char- 
acterized by Chest Pain. Serial serum muco- 
protein determinations were obtained in 
twelve patients who had prolonged attacks 
of chest pain due to causes other than 
myocardial infarction. Eight patients had 
angina pectoris or possibly myocardial 
ischemia without necrosis. In five of these 
patients serum mucoprotein determinations 
were performed after the occurrence of 
chest pain which was much more prolonged 
than usual. In all cases the serum muco- 
protein levels were normal and did not 
change on subsequent determinations. Sub- 
sequent electrocardiographic and clinical 
findings failed to provide evidence that any 


circulatory asthenia showed no elevation 
of serum mucoprotein as did one patient 
with hypertension and chest pain on the 
basis of fibrositis. ‘These cases show that 
serum mucoprotein values are normal and 
remain normal in patients with chest pain 
due to causes other than myocardial infarc- 
tion or conditions not characterized by 
tissue destruction. 

Serum Mucoprotein Findings in Miscellaneous 
Conditions. In addition to serum muco- 
protein determinations in a control group 
of normal individuals, hospitalized patients 
with a variety of diseases were selected at 
random and tested. Normal serum muco- 
protein values were found in patients with 
such diseases as hyperthyroidism, peptic 
ulcer, chronic brucellosis, splenomegaly of 
unknown etiology, temporal arteritis, ure- 
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mia, cerebral thrombosis, obstructive jaun- 
dice and urinary tract infection. Elevated 
serum levels were found in two cases of 
pneumonia, in three postoperative patients 
and in one case of bronchogenic carcinoma. 
Winzler in concurrent studies* found in- 
creased serum concentrations of muco- 
protein in patients with pneumonia and 
with cancers. Abnormally low values for 
serum mucoprotein were found in a few 
patients with portal cirrhosis and infectious 
hepatitis and in one pregnant woman. 

Relationship of Serum Mucoprotein to the 
Sedimentation Rate. In this study no con- 
stant relationship between the sedimentation 
rate and serum mucoprotein concentration 
was discernible. In patients with myocardial 
infarction acceleration of the sedimentation 
rate generally persisted longer than the 
elevation of serum mucoprotein. Figures 2, 
4 and 5 illustrate cases of myocardial 
infarction in which there was absolutely no 
relationship between the serum muco- 
protein concentration and the sedimenta- 
tion rate. In a few cases of myocardial 
infarction there was a parallelism in the 
observed changes in the serum mucoprotein 
and the sedimentation rate. An example of 
this is shown in Figure 3. 

In the group of twelve patients with chest 
pain due to causes other than myocardial 
infarction four patients exhibited accelerated 
sedimentation rates although in each of 
these patients the serum mucoprotein con- 
centration was normal. Two of these 
patients had angina pectoris and two had 
paroxysmal tachycardia. Again it is appar- 
ent that no relationship exists between the 
sedimentation rate and serum mucoprotein 
level. 

In Vitro Studies of Effect of Mucoprotein on 
Sedimentation Rate. Since it was_ possible 
that increased concentrations of serum 
mucoprotein could contribute to acceler- 
ation of the sedimentation rate, in vitro 
experiments were conducted to determine 
the effect of this mucoprotein component 
on the sedimentation rate. Known amounts 
of this mucoprotein material obtained from 
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pooled human plasma* were added to 
blood withdrawn from each of three normal 
individuals. Aliquots of the blood obtained 
from each person were prepared to contain 
varying concentrations of mucoprotein 
ranging from 50 to 850 mg. per 100 ml. 


TABLE II 
EFFECT OF ADDED MUCOPROTEIN ON SEDIMENTATION RATE 


| Mg. Mucoprotein Added 


Serum : | per 100 ml. Whole Blood 

: Mucoprotein | 
Subject ( | ‘Grote 

mg. per | 

| 100 ml.) 0 |100/200/400/800 

Cc. R. (M) | 56 ESR * 25| 24] 32| 42 

PCV |48| 48] 43) 41 

CSR t 25) 32 

H. B. (M) 47 20] 29] 39 

PCV 47| 45] 44| 43 

| CSR {21} 20} 23] 32 

E. F. (F) 63 | ESR /18| 19} 23} 29| 43 

PCV 42! 36 

CSR /18| 19] 23] 24] 32 

| } 


* Estimated sedimentation rate. 

t Packed cell volume, per cent. 

t Corrected sedimentation rate (Wintrobe). 
blood. A Wintrobe sedimentation rate 
determination was made with each of these 
blood samples. The results are shown in 
Table um. It was found that blood muco- 
protein concentrations less than 150 mg. 
per 100 ml. had no effect on the sedimenta- 
tion rate. In concentrations between 150 
and 250 mg. per 100 ml. the mucoprotein 
material exerted a minimal effect upon 
acceleration of the sedimentation rate, and 
concentrations above 400 mg. per 100 ml. 
had a pronounced accelerating effect on the 
sedimentation rate. These findings were 
valid for both the uncorrected and corrected 
sedimentation rates. 

These results show that the sedimentation 
rate is not affected to any appreciable extent 
by the increased concentrations of muco- 
protein usually found in the serum following 
myocardial infarction. The acceleration 
of the sedimentation rate often noted in this 


* A sample of lyophilized mucoprotein obtained from 
pooled human plasma was provided through the kind- 
ness of Dr. Richard Winzler. 
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condition is undoubtedly caused by chemi- 
cal changes in the blood other than that 
reported here. 


COMMENTS 


The nature of the metabolic changes 
occurring in patients with myocardial 
infarction has received little study. Recently 
Altschule et al.® reported several observa- 
tions on metabolic changes in patients with 
myocardial infarction. Their findings, in 
addition to our own reported in this com- 
munication, suggest the desirability of 
further biochemical studies in patients with 
myocardial infarction. 

On the basis of the preliminary studies 
presented herein the increase in the con- 
centration of serum mucoprotein following 
myocardial infarction appears to be a fairly 
regular phenomenon and one which at 
times may be useful as an aid in establishing 
the diagnosis of recent myocardial infarc- 
tion. Moreover, this procedure has also 
proved helpful in ruling out the occurrence 
of myocardial infarction following a bout of 
chest pain. No increase in serum muco- 
protein was observed in patients with chest 
pain due to angina pectoris, paroxysmal 
tachycardia, neurocirculatory asthenia and 
fibrositis. Increases were found, however, 
accompanying chest pain associated with 
bronchogenic carcinoma and pneumonia. 

In the small number of cases studied thus 
far the serum mucoprotein findings ap- 
peared to correlate more closely with the 
presence or absence of myocardial infarction 
than the sedimentation rate. In several 
cases rapid sedimentation rates were ob- 
tained in patients with angina or paroxysmal 
tachycardia, but the serum mucoprotein 
concentration remained unchanged. Con- 
versely, one patient with fresh anterior wall 
myocardial infarction did not exhibit a 
rapid sedimentation rate until the seventh 
day after the onset of illness although his 
serum mucoprotein level was elevated on 
the second day. Examination of some of 
the graphs of individual patients shows 
that the serum mucoprotein values and 


sedimentation rates were independent of 


each other although in several instances 
they paralleled each other. 

In vitro experiments on the relationship 
of the mucoprotein material to the sedi- 
mentation rate showed that serum muco- 
protein in concentrations usually found 
after a myocardial infarction had little or 
no influence on the acceleration of the 
sedimentation rate. A marked accelerating 
effect on the sedimentation rate does not 
occur until concentrations are reached 
which are far beyond the usual elevated 
pathologic values. The explanation for the 
effect of very high concentrations of the 
mucoprotein component on the sedimenta- 
tion rate may be that because this material 
is a macromolecular substance (molecular 
weight approximately 50,000) it, like other 
macromolecular substances, accelerates the 
sedimentation rate.”"* 

Since this mucoprotein component has 
little or no influence on the sedimentation 
rate, an investigation of the changes in the 
protein components of the serum following 
myocardial infarction would be of great 
interest. In this connection Shedlovsky and 
Scudder® have reported the electrophoretic 
findings in two cases of myocardial infarc- 
tion at one week and at six weeks after the 
onset of infarction. They found increases 
in the alpha globulin fraction. 

When this study was begun, it was hoped 
that a substance specific for the breakdown 
of infarcted heart muscle could be found 
in the blood or urine. Serum mucoprotein 
is not a specific product of the death of 
cardiac muscle alone. Increases in the serum 
mucoprotein have been found in other 
conditions. For example, in this laboratory 
elevated serum mucoprotein levels were 
also obtained in postoperative patients and 
in patients with cancer and pneumonia. 
Earlier workers'® have reported unusually 
high polypeptide* concentrations in the 


*The chemical methods employed by previous 
workers to measure serum polypeptide or proteose 
concentrations are similar in principle to the method 
employed in this study; hence, it is possible that the 
determinations of serum polypeptide, proteose and 
mucoprotein by the various authors are all determina- 
tions of essentially the same serum protein constituent. 
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blood as a result of acute hepatic insuffi- 
ciency, burns, trauma and cancer. Excretion 
of proteoses in the urine has been described 
in various allergic states.'"!? Winzler and 
Burk confirmed and extended the observa- 
tions of earlier workers who found elevated 
serum proteose* levels in patients and 
animals with cancer. In studies on the rat 
they also found increased serum proteose 
levels in acute and chronic infections such 
as pneumonia, chronic cecitis, in advanced 
pregnancy and as a consequence of severe 
tissue injury or shock. Selye'* mentions the 
increase in blood polypeptides as one of 
the changes found in the “‘alarm reaction.” 
All of these observations certainly point 
to the fact that the elevation of serum 
mucoprotein is a non-specific phenomenon 
which is the result of a variety of causes. 
However, there appears to be one common 
denominator present in every condition 
characterized by an increase in serum 
mucoprotein: a breakdown of tissue pro- 
teins. Selye emphasizes this viewpoint when 
he states that “‘the extensive protein break- 
down characteristic of the shock phase of 
the alarm reaction is probably the cause of 
the increase in polypeptides.” 

Although this study was undertaken with 
the view that serum mucoprotein was 
derived from the breakdown of tissue 
proteins, there is no direct proof as yet that 
this is true and there are other theories'*~'® 
concerning the origin of this material: (1) 
failure of the liver to metabolize the normal 
amounts of mucoprotein formed, (2) failure 
of the kidney to excrete them normally and 
(3) degradation of plasma proteins. It is 
unlikely that a failure in liver function can 
account for the elevation in serum muco- 
protein found in these and other studies 
because we have found very low serum 
mucoprotein values in patients with acute 
infectious hepatitis or with advanced Laen- 
nec’s cirrhosis. It is believed that renal 
insufficiency is not a factor in the elevation 
of serum mucoprotein inasmuch as we have 
obtained normal values in two patients in 
the terminal phase of uremia. At present 


* See footnote on page 742. 
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studies to determine the origin of serum 
mucoprotein are being conducted by 
Winzler.?” 

Further studies on the detection of other 
breakdown products of infarcted heart 
muscle which may be more specific are 
contemplated in this laboratory. At the 
present time this appears to be a fruitful 
field of endeavor. 


SUMMARY AND CONCLUSIONS 


1. In twenty-three patients with recent 
myocardial infarction, serum mucoprotein 
values were consistently found to exceed 
the normal range of 40 to 90 mg. per 100 ml. 
The actual rise above each patient’s pre- 
sumed normal value varied from 22 to 
160 mg. per 100 ml. 

2. A characteristic rise and fall of serum 
mucoprotein followed the clinical onset of — 
symptoms. Serum mucoprotein was defi- 
nitely elevated by the third day after 
clinical indications of coronary occlusion 
with myocardial infarction were evident. 
The peak of the rise occurred on the sixth 
day and this elevation was usually main- 
tained for another week after which the 
serum mucoprotein gradually declined and 
approached normal values at the end of a 
month. 

3. Serum mucoprotein values in patients 
with chest pain due to causes other than 
myocardial infarction were within the 
normal range in cases including angina 
pectoris, paroxysmal tachycardia, neuro- 
circulatory asthenia, hypertension and fibro- 
sitis. No increase was found by single or 
serial determinations. 

4. In the present study no consistent 
relation was found between the sedimenta- 
tion rate and serum mucoprotein. In 
general, accelerated sedimentation rates 
persisted longer than elevated serum muco- 
protein following myocardial infarction. In 
several patients with angina pectoris and 
paroxysmal tachycardia the sedimentation 
rate was increased whereas the serum 
mucoprotein was normal. 

5. In vitro studies on the effect of added 
mucoprotein upon the sedimentation rate 


744 
of normal blood showed no marked acceler- 
ation until a concentration of proteose 
exceeding 400 mg. per 100 ml. was ob- 
tained, concentrations beyond the usual 
values in myocardial infarction. It is obvious 
then that other factors are responsible for 
development of the rapid sedimentation 
rate observed in myocardial infarction and 
that serum mucoprotein is not another 
measure of the sedimentation rate. 

6. In the cases reported in this study the 
increase in serum mucoprotein appeared to 
reflect more accurately than the sedimenta- 
tion rate or leukocyte count the presence or 
absence of myocardial necrosis. 

7. Although serum mucoprotein changes 
following myocardial infarction are not 
specific for this condition alone, determina- 
tion of serum mucoprotein may be useful 
as a diagnostic aid in evaluation of clinical 
syndromes caused by coronary artery disease. 


Acknowledgment. We are indebted to Dr. 
Richard Winzler for his valuable advice and 
cooperation in the performance of this study. 
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Clinical Value of Serum Polysaccharide 
Determinations by the Tryptophane- 


Perchloric Acid Reaction’ 


Haro vp L. IsRAEL, M.D., MARIE B. WEBSTER, M.D.} and IRENE E. MAHER, M.D. 


Philadelphia, Pennsylvania 


LTHOUGH normal human serum is 
known to have a_ polysaccharide 
content equal to or greater than its 

glucose content, the polysaccharides, which 
are measured with difficulty, have not been 
completely identified. The polysaccharide 
concentrations in pathologic sera have 
been studied in a few instances in the past 
and elevated values were reported in pa- 
tients with carcinoma,’ pneumonia? and 
other infections.* 

Renewed interest in this subject has 
recently been stimulated .by investigations 
in diverse fields. Seibert’s electrophoretic 
studies‘ in tuberculosis, Winzler’s polari- 
graphic studies® in carcinoma and Meyer’s 
studies’ of hyaluronic acid have led these 
investigators to the study of glycoproteins 
and their carbohydrate components. 

The total polysaccharide of normal human 
serum has been found by Shetlar, Foster 
and Everett’ and by Seibert® to range from 
80 to 130 mg. per cent. Seibert’ has reported 
elevated polysaccharide levels in the sera of 
patients with advanced active tuberculosis 
and with carcinoma. Winzler,'® studying 
mucoprotein concentrations, reported in- 
creased serum levels in patients with 
carcinoma and pneumonia while Prinz- 
metal et al.'’ found the concentration of 
proteoses (containing 25 per cent carbo- 
hydrate) increased in patients with acute 
myocardial infarction. 

In an attempt to distinguish the poly- 
saccharides derived from a breakdown of 


nucleoproteins, which might more speci- 
fically reflect tissue destruction, Seibert!” 
adapted for use on serum the tryptophane- 
perchloric acid reaction which Cohen" had 
developed for detection of the carbohydrate 
of desoxyribonucleic acid. ‘This test, which 
is simple enough for routine use in clinical 
laboratories, gave both in experimental 
rabbit tuberculosis’ and in patients with 
tuberculosis, results which showed a highly 
significant correlation with extent and 
activity of the disease. Although the identity 
of the polysaccharides measured by the 
tryptophane-perchloric acid reaction re- 
mains uncertain, Seibert’s observations on 
the clinical value of application of this test 
in tuberculosis led to the present attempt 
to determine its value on a general hospital 
service. A survey of representative patients 
has been made and the results of trypto- 
phane-perchloric acid tests have been cor- 
related with clinical, pathologic and other 
laboratory findings, with special interest in 
ascertaining whether serum polysaccharide 
determinations provided information of 
clinical value greater than that obtainable 
with the sedimentation rate and with 
routine serum protein studies. 


MATERIAL AND METHODS 


Determinations were made on 102 speci- 
mens from ninety patients and six healthy 
controls. Patients were selected from the 
wards of the Woman’s Medical College 
Hospital, the Philadelphia General Hos- 


*From the Department of Medicine, The Woman’s Medical raaaitenh of Pennsylvania and the Philadelphia 


General Hospital, Philadelphia, Pa. 


t Now at The University Hospital, Madison, Wisconsin. 
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pital and the Philadelphia Hospital for 
Contagious Diseases in an attempt to 
encompass a variety of disorders. Samples 
of blood (6 to 8 cc.) were obtained, not 
under fasting conditions, centrifuged and 
the serum obtained and placed in a deep 
freeze unit. Ten sera, each in triplicate, were 
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units with a mean of 60 + 12.9 units. 
Combining these control groups gives a 
mean of 58 + 12.4 Klett units. Values 
within two standard deviations of this 
mean, that is values less than 83 units, 
have been considered in this study to fall 
within the normal range. 


TABLE I 
SERUM POLYSACCHARILES, SEDIMFNTATION RATES AND SERUM PROTEINS 


Serum 
| Polysaccharides | 
(Klett units) 
(mean) 


| No. of 


Patients 


Chronic infections.......... 
Hyperthyroidism 

Cardiovascular disease 

Rheumatic fever 

Hepatic disease 

Acute infections 

Miscellaneous disorders. . 


| 
| Sedimentation 
Rate 
(mean) 


Serum 
Globulin 
(mean) 


Serum 
Albumin 
(mean) 


wh WH WP HL W 
WNN DN W 


N 


a 


ho 


run at one time according to Seibert’s 
modification’ of Cohen’s method. The 
mean of the three values was recorded as 
the final result. Because of doubt as to the 
nature of the polysaccharides measured, 
conversion to more specific terms has not 
been attempted and results are expressed in 
Klett units, as suggested by Seibert. 

Simultaneous oxalated specimens of blood 
were obtained for sedimentation rate de- 
terminations by the Wintrobe method, 
which were performed within three hours 
of collection. Correction for anemia was not 
made. Serum albumin and globulin de- 
terminations were performed by the clinical 
laboratories of the hospitals, employing the 
method of Kingsley.'® 


RESULTS 


A group of six healthy controls gave 
polysaccharide levels by the tryptophane- 
perchloric acid reaction ranging from 41 to 
57 Klett units with a mean of 47.3 + 6.2 
units. (Table 1.) Seibert'? found among 
thirty normal persons a range from 32 to 79 


In a group of seven obstetric patients, 
three antepartum and four immediately 
postpartum, six had values ranging from 
55 to 70; the seventh had a level of 87 Klett 
units. In all of the obstetric patients the 
sedimentation rate was extremely rapid. 
Among the eighty-three patients with a 
variety of diseases of varying severity fifty- 
one had levels of 83 Klett units or more and 
thirty-three had levels below this value. 
High values were obtained (Table 1) in 
patients with chronic infections, neoplasms, 
hyperthyroidism and cardiovascular disease. 
Less marked elevation was noted in patients 
with rheumatic fever, hepatic disease, acute 
infections and in a miscellaneous group 
including patients with gastrointestinal, 
hematologic, genito-urinary and dermato- 
logic disorders. 

Figure 1 indicates the lack of significant 
correlation between the serum polysac- 
charide levels and the sedimentation rate 
determinations. Similar analyses show ab- 
sence of correlation between the polysac- 
charide levels and serum albumin, serum 
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Fic. 1. Serum polysaccharides and the sedimentation rate (Wintrobe), mm. per 


hour uncorrected. 


globulin and hemoglobin concentrations 
and leukocyte counts. 

Neoplasms. ‘Ten patients with histologic 
diagnoses of neoplasm were studied, three 
patients with carcinoma of the gastro- 
intestinal tract, one of the bladder, one of 
the cervix and one of the larynx, as well as 
three patients with lymphoblastoma and 
one with neurofibroblastoma. Seven showed 
elevated polysaccharide values with the 
highest values, 141, 146 and 157, in the 
patients with gastrointestinal carcinoma. 
Three patients, two with carcinoma and 
one with lymphoblastoma, had values below 
70. Sedimentation rates were rapid in all 
instances except in the patient with lympho- 
blastoma and with normal polysaccharide 
level. Serum protein studies revealed in 
most patients of this group depressed al- 
bumin levels and increased globulin levels. 
No correlation between these changes and 
those in polysaccharide content was noted. 

Chronic Infections. Abnormal Klett values 
ranging from 84 to 144 were observed in 
ten of fourteen patients with chronic infec- 
tions. Patients with amebic hepatic abscess, 
chronic pulmonary abscess and meningo- 
vascular syphilis, respectively, had elevated 
polysaccharide levels with normal sedi- 
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mentation rate. Patients with active mini- 
mal tuberculosis and rheumatoid arthritis 
had normal polysaccharide levels and an 
abnormal sedimentation rate. Patients with 
rheumatoid arthritis, pyelonephritis, bron- 
chiectasis, lung abscess, meningovascular 
syphilis and ulcerative colitis had increased 
polysaccharides and abnormal sedimenta- 
tion rates. 

Hyperthyroidism. ‘Three patients with dif- 
fuse hyperthyroidism and one with a toxic 
adenoma of the thyroid were studied. All 
had elevated polysaccharide levels, ranging 
from 83 to 121 Klett units, and in all in- 
stances the sedimentation rate was ab- 
normally rapid and the serum protein 
fractions normal. 

Cardiovascular Disease. Of fourteen pa- 
tients with cardiovascular disease ten had 
elevated polysaccharide levels. The four 
patients with malignant hypertension and 
the three with acute myocardial infarctions 
showed elevated polysaccharide levels, as 
did patients with decompensated rheu- 
matic heart disease and two patients with 
pulmonary infarction. Normal values were 
observed in patients with hypertensive 
heart disease, benign hypertension, inactive 
rheumatic heart disease and _ syphilitic 
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heart disease with congestive failure. In 
this group sedimentation rate findings tended 
to parallel those of the polysaccharides. 

Rheumatic Fever. Five patients with clini- 
cally active rheumatic fever were studied. 
Moderate elevation of the polysaccharide 
level was noted in four of the five patients 
in this group. 

Hepatic Disease. ‘Two patients with cir- 
rhosis and one with infectious hepatitis had 
polysaccharide levels ranging from 83 to 
130 Klett units and three patients with 
cirrhosis and one with homologous serum 
hepatitis had normal levels. In this group 
there was a notable lack of correlation 
between sedimentation rate and polysac- 
charide findings: the three patients with 
low polysaccharide levels had rapid sedi- 
mentation rates. Four of the five patients 
with cirrhosis had a characteristic in- 
crease in globulin and decrease in albumin 
concentration. 

Acute Infections. Elevated polysaccharide 
levels were found in only eight of fifteen 
patients with acute infections. Patients with 
meningococcic meningitis. Streptococcus 
viridans endocarditis under treatment, hem- 
olytic influenzae pneumonia, mumps and 
rubeola showed normal levels ranging from 
48 to 74, while patients with pneumococcal 
pneumonia and meningitis, scarlet fever, 
rubeola, Friedlander’s pneumonia and ty- 
phoid fever showed values ranging from 89 
to 115. In this group the sedimentation rate 
was usually increased out of proportion to 
the polysaccharide elevation; in no instance 
in this group of patients was the sedimenta- 
tion rate normal in the presence of abnormal 
polysaccharide levels. 

Miscellaneous Diseases. In this group, 
which includes patients with hematologic, 
gastrointestinal, genito-urinary and derma- 
tologic disorders as well as several instances 
of minor illnesses in which a definite diag- 
nosis was not established, elevation of the 
polysaccharides was infrequent: only five 
of fourteen patients had abnormal values. 
Six of the nine patients with low polysac- 
charide levels had elevated sedimentation 
rates. 


COMMENTS 


Although the tryptophane-perchloric acid 
reaction was employed by Seibert originally 
to detect desoxyribonucleic acid, subsequent 
investigation revealed that the carbohydrate 
measured by this test in normal and 
pathologic sera was not a single substance. 
Detailed analysis'* suggested that the poly- 
saccharide measured might be a mixture 
of desoxyribonucleic and ribonucleic acids 
and their derivatives, a fructose complex, 
or even a carbohydrate-protein complex 
similar to the mucoprotein under investiga- 
tion by Winzler. An important advantage of 
this test over those used for determination of 
total serum polysaccharide content is its 
ease of performance which permits its use 
as a routine procedure in general hospital 
laboratories. Seibert" found elevated poly- 
saccharide concentrations to be correlated 
with increases of alpha-2 globulin in the 
sera of patients with tuberculosis and 
carcinoma. Whether the increased poly- 
saccharides observed in the sera of patients 
in this study with neoplasms, chronic infec- 
tions, hyperthyroidism and cardiovascular 
disease are related to increases in alpha-2 
globulin is not known, since electrophoretic 
analyses were not available. No correlation 
was observed between the polysaccharide 
content of sera and the albumin and globu- 
lin concentrations as measured by ordinary 
clinical laboratory methods. 

Special interest exists in comparison of 
the tryptophane-perchloric acid reaction 
with the sedimentation rate, which has 
found a wide field of usefulness because of 
its simplicity. The sedimentation rate has 
become firmly established as a valuable aid 
in the study of arthritis, tuberculosis and 
in general medicine, even though the 
mechanism underlying acceleration of ery- 
throcyte sedimentation is not definitely 
known. Gutman!® has recently reviewed 
the conflicting evidence concerning the 
relation of sedimentation and serum protein 
alterations and has concluded that an 
increase in fibrinogen content of serum 
plays a major role and increases in alpha, 
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beta and gamma globulins play a lesser 
role in accelerating sedimentation of ery- 
throcytes; a decrease in serum albumin 
enhances the rate of sedimentation. Meyer!” 
has suggested that accelerated sedimenta- 
tion may be due to increased amounts of 
glycoproteins in the serum and has demon- 
strated that the addition to serum of 
hyaluronic acid, a mucopolysaccharide, 
markedly increases the rate of sedimenta- 
tion. In the clinical material studied in the 
present investigation, however, sera with 
high polysaccharide content as shown by 
the tryptophane-perchloric acid reaction 
often did not exhibit rapid sedimentation 
rates. Conversely, patients with extremely 
rapid sedimentation rates, e.g., in preg- 
nancy, frequently showed low _polysac- 
charide levels. Gutman!® has pointed out 
that different protein changes may be 
responsible for the rapid sedimentation 
rates of acute infections and those of chronic 
infections. ‘The observations in the present 
report indicate that serum polysaccharide 
determinations may have clinical value in 
the differentiation of acute and chronic 
infections. 

The sedimentation rate is of limited value 
in obstetric practice because rapid sedi- 
mentation is almost invariably present 
during pregnancy and the postpartum 
period; the serum _ polysaccharides are 
apparently rarely elevated in uncompli- 
cated pregnancy and their determination 
may prove useful in the detection of inter- 
current diseases. 

The sedimentation rate is used fre- 
quently as a means of excluding serious 
disease. For this purpose the tryptophane- 
perchloric acid reaction appears to be a 
valuable corroborative test. Patients in the 
present study with normal sedimentation 
rates and normal serum _ polysaccharide 
levels rarely proved to have a _ serious 
disease. 


SUMMARY 


1. Seibert’s modification of the trypto- 
phane-perchloric acid reaction has been 
employed to determine serum _polysac- 
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charide levels in a survey of general hospital 
patients. 

2. Elevation of the serum polysaccharides 
was most marked and frequent in patients 
with neoplasms, chronic infections, hyper- 
thyroidism and cardiovascular diseases. 
Abnormal values were less often observed 
in patients with acute infections, hepatic 
disease, rheumatic fever and miscellaneous 
disorders. Normal values were the rule in 
pregnancy. 

3. Serum polysaccharide elevation ap- 
pears to reflect biochemical changes dif- 
ferent from those measured by sedimenta- 
tion rate and other routine laboratory 
studies. 
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XPERIENCE teaches most of us that 
time spent in obtaining a careful 
medical history is time well spent 

and will save wasted: motions later. What 
we actually can learn will depend, of 
course, on our skill and on the patient’s 
willingness and capacity to cooperate with 
us. Although I shall discuss both of these 
topics later, it will be more appropriate to 
consider first what we should aim at when 
taking a medical history. 

Naturally this will depend on our pur- 
pose. As I understand it the purpose of 
taking a medical history is to record a series 
of events that have culminated in the illness 
or disorder for which the patient has con- 
sulted us. It is assumed that from such 
a record we shall get some understanding 
of the sick person and of his ailment and, 
furthermore, that others trained in medicine 
will derive a similar understanding from 
reading the history that we have written 
down. 

No medical history, however, can repro- 
duce accurately what occurs in nature. It 
is at best a kind of stylized symbolic repre- 
sentation of certain human experiences in 
much the same way that a map is a stylized 
symbolic representation of a landscape. 
The value of a good map will depend upon 
the accuracy of its scale and upon the 
picturing of the relationship of certain 
important land masses, contours, bodies of 
water, as well as certain man-made struc- 
tures such as railroads and large settle- 
ments. With the aid of such a map, we can 
find our way around in strange country. 
But if the map depicts every culvert, duck 
pond and hot dog stand and leaves out 
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mountain ranges and navigable rivers, we 
will soon go astray if we rely upon it. Just 
so a good medical history will portray in the 
dimension of time, rather than space, the 
influences, past and present, that are 
important in the development of the patient 
and his disorder. You may justifiably catch 
me up on the word important. There is no 
question about the importance of a moun- 
tain range or a navigable river but who is to 
say what is important in the record of a 
patient’s life. If we depend wholly on his 
judgment, then of what use is our medical 
knowledge; and if we depend wholly on our 
own preconceived notions, then we will 
arrive at a kind of standardized history 
which includes everything and tells us 
nothing. 

When I was an intern, we were taught 
to take just such histories. We would 
approach a patient and after recording his 
complaint (this we were taught to put down 
strictly in the patient’s own words, an 
excellent habit to which I have always 
clung) we would write the letters, F. H., for 
family history. ‘That was quickly disposed of 
with: The patient’s F. was |. and w. but his 
M. had unfortunately d. of typhoid fever. 
A number of S’s and B’s were usually 1. 
and w. or a couple might have d’d in 
infancy. And then the ritual was to say 
that the F. H. was otherwise “non-con- 
tributory” (a truly fabulous misconception !) 
and that there was no tuberculosis (later 
we added “‘or known exposure’) or malig- 
nant disease in the family. We would then 
go on to the P. H. No illness or accident 
would escape us. We were as persistent as a 
cigar-smoking detective in a movie melo- 
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137 
drama and about as subtle. I recall asking a 
young woman about her weight. What was 
her present weight, her weight last year 
and her heaviest weight? When I asked her 
what her lightest weight was and she said 
“516 pounds”! I began to get the notion 
that perhaps I was boring her by the third 
degree method. 

I recall the chief attending physician, a 
sober and pedestrian man, asking a little 
boy of eight whether the pain in his groin 
radiated to his penis and testicles. ‘The child 
looked up bewildered and said: ‘‘What’s 
them’? 

Then with a rumble of drums came the 
last and final act of the circus, the P. I. 
This was a new event, a thing in itself, a 
calamity, a misfortune, an act of God like 
a hurricane or an earthquake. It had little 
to do with past events and less with what 
today we call the personality. Our histories 
were nothing if not complete. They covered 
pages of carefully written foolscap. The 
greatest sin was the sin of omission. And 
they bore about as much resemblance to 
the true story of the patient’s life as a 
Mercator projection does to the contours of 
the earth’s surface. 

During World War 1 I was for a time put 
in charge of a large medical ward in a Base 
Hospital in France. Although I was only a 
First Lieutenant, casual officers outranking 
me by several grades were assigned to this 
ward for instruction in physical diagnosis. 
One of them had the habit of turning in 
long and rambling medical histories that 
stretched out interminably and arrived 
nowhere. I urged this officer as tactfully as 
I could to stick to the essentials. ‘The next 
history that he wrote up was a short one. 
It said: 

Complaint: Abdominal pain 

Past history: Kicked by a steer 

Diagnosis: Tonsillitis. 
This has always seemed to me a paradigm 
of the nonsequitur and an excellent cari- 
cature of many medical histories today. For 
the method I have just been describing is by 
no means as quaint and antiquated as I have 
made it sound. It is the current method in 
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most general hospitals and in many private 
offices although in some, history taking is 
but a scanty business or is turned over to an 
office nurse who at the same time sizes up 
the patient’s probable income. 

Perhaps in only a few places has psy- 
chiatry made its inroads on the medical 
curriculum and modified this traditional 
way of taking histories. ‘This is psychiatry’s 
greatest contribution to clinical medicine, 
the introduction of what I have called 
elsewhere, scientific biography. 

There is no doubt that a new type of 
medical history is being developed although 
as yet it has not been formulated and in 
only a few medical schools, to my knowl- 
edge, is it being deliberately taught. If such 
a change is occurring, it is, as I have said, 
largely due to the influence of modern 
dynamic psychiatry. But there are other 
reasons as well that have contributed to it. 

The establishment of the germ theory of 
disease in the latter part of the last century 
set the pattern for much of the investigative 
work of the following half century. Koch’s 
laws became the Magna Charta of medical 
research. To isolate a germ and to prove its 
specific pathogenicity, this was the greatest 
scientific achievement. And why not? When 
one considers the triumphs and _ blessings 
that have resulted from such studies, it was 
natural that this type of thinking should 
have dominated clinical medicine and that 
in large measure it still does. The successes 
that were achieved have, as is well known, 
reduced the incidence of infectious diseases 
and brought into relative prominence the 
degenerative diseases and stress reactions. 
To these conditions such simple unitary 
etiologic thinking, as exemplified by Koch’s 
laws, seems far less applicable. We are no 
longer dealing with such invariable rela- 
tionships as might be expressed in the 
statement: A acting on B produces C. 
Illness is not always the immutable effect 
of some one cause but rather the outcome 
of a process of development in which 
innumerable factors play a role. We have 
had to develop new theories and concepts 
of disease and also new methods of study. 
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Our aim in taking a medical history is 
no longer simply to find an etiologic agent 
and then to devise means of exorcising it. 
It is rather to discover what kind of indi- 
vidual we are dealing with, what are his 
strengths and weaknesses, his assets and 
liabilities, what his patterned reactions are 
under stress and in what respects do the 
bodily defenses, which he mobilizes, them- 
selves turn into malign and damaging 
forces? 

Harold Wolff! has put this well when he 
says that although man’s protective activi- 
ties may be life-saving if they are used in 
emergencies to destroy the forces that 
threaten him, the same protective activities 
when used as life-long patterns may damage 
the very structures they were devised to 
protect. 

Perhaps Shakespeare had a similar prin- 
ciple in mind when he had Hamlet say: 

‘Find out the cause of this effect, 

Or rather say, the cause of this defect, 

For this effect defective comes Sy cause.”’ 

Since in the modern world we are con- 
stantly being confronted by new and 
changing environmental situations and since 
the human organism has only a limited 
number of ways in which it can respond to 
these changes, it is clear that much of 
clinical medicine will be concerned with 
the problem of homeostasis. How does the 
organism strive to maintain a’steady state, 
both psychologically and physiologically? 
Are its efforts effective and efficient? This 
is the general line of inquiry that a modern 
medical history must pursue. To do so the 
form of the history has to be greatly revised. 
We pretty much have had to give up the 
question and answer game which some 
years ago led us so securely, at least so we 
thought, to our goal. 

A wise physician today will recognize 
that in a great many instances he cannot 
possibly know just what questions to ask 
and, furthermore, even if he did, the patient 
could not answer them. Obtaining a 
medical history has become primarily a 
personal voyage of discovery into unknown 
territory. Physician and patient are joined 
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in a common enterprise to uncover certain 
facts. Often the patient is a laggard and 
will resist progress and as often the physi- 
cian, because of his own emotional blind- 
ness, will not be able to see or understand 
what is before him. 

This is true of a medical history as well 
as of a psychiatric one. In my opinion there 
is not much difference between them except 
that imposed by time and by the emphasis 
of the immediate complaint. Since the 
medical history has become, or should 
become, more fluid and more elastic at 
once, no form or syllabus will really suffice, 
no printed list of queries against which one 
places check marks. These may have their 
value when one is engaged in a specific 
research project and is trying to get answers 
to certain set questions. Or again, printed 
forms may have their uses in dealing with 
large numbers of patients when saving of 
time and medical personnel is of moment. 
But, important as they may be, I am not 
concerned with them now but rather with 
how this new method of history taking can 
be described, formulated and taught. 

Let us begin at the beginning. In spite 
of all our protestations about ‘‘the patient 
as a person” the young medical student 
still looks upon him as a case of this or that. 
If he does, it is our fault because we still 
believe in a kind of Platonic abstraction 
called disease as if it existed outside the body 
of the sufferer. The conventional and 
jejune introduction to most medical his- 
tories states that: ‘“The patient is a white 
male sitting comfortably in bed.’ The 
student seldom knows the patient’s name 
and if he does the national origin of the 
name means little to him. Actually it makes 
a great deal of difference whether the 
patient is called Mr. Feitelbaum, Mr. 
Finnegan or Mr. Ford. As I look over some 
of my own records I find such unconven- 
tional statements as Miss Smith looks like 
‘“‘a languid lily,’ ‘‘Mr. Jones looks like a 
snapping turtle with a gold watch chain,” 
or again, ‘Mr. T. is an artist of Finnish 
origin but with a Yankee accent. He looks 
like a pink-cheeked beer barrel.’’ You may 
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protest that these are unscientific state- 
ments, that they introduce a_ subjective 
element which colors the material. But 
do not be deceived, it is quite impossible 
to keep out one’s subjective judgments and 
opinions and it is no more scientifically 
accurate to describe the patient as though 
he were a puppet or a manikin. 

It would be a great benefit to medical 
students if we could teach them the art of 
history taking in medical out-patient de- 
partments and not on the wards. A bank 
teller or the corner grocer’s wife cease to be 
themselves when we rob them of their 
usual plumage and put them into hospital 
night clothes. Furthermore, they are differ- 
ent people when sitting opposite us in a 
chair from what they are when “‘lying 
comfortably” in a hospital bed. The very 
fact that a hospital bed is so strangely tidy 
and high from the ground makes them 
different from what they would be in their 
own birds-eye maple or golden oak Grand 
Rapids variety. 

What the student should see as clearly 
as he can, is the patient’s persona, i.e., what 
front does he present to the world? If he 
knows the patient’s name and calls him by 
name, he will naturally get a more accurate 
picture of him because the patient will 
respond in a less guarded way. The student 
should then shake hands with the patient. 
This is not only a civil thing to do but much 
can be learned from a handshake. Does the 
patient present the tips of his fingers only 
in an uncertain and limp way? Is he a bone 
crusher? Are the hands wet, cold and 
tremulous? Does the handgrasp cling lov- 
ingly as it does in many alcoholics? Or 
cannot the patient release his grasp as was 
true of a patient I saw who was afflicted 
with muscular dystrophy with pronounced 
weakness of the extensor muscles? 

Having established this contact, the 
student should be taught to exhibit some 
interest in the patient’s welfare. It does not 
make much sense to approach a sufferer 
with a gastric ulcer and ask him right off 
the bat whether he was a breast baby or a 
bottle baby even if this fact is important to 
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ascertain. The patient should be encouraged 
to talk about the here and now, about what 
ails him. Why has he come to the hospital] 
or come to consult the physician? Many 
present day patients think that they are 
helping us most by giving a kind of prepared 
historical review of their lives, beginning 
with their parents unhappy marriage and 
how they were jealous of their younger 
sisters. A colored cook recently said to me: 
‘“‘T have a terrible pain in the back but 1 
know it’s all due to my inferiority complex.”’ 

The physician must go along with such 
comments but gradually lead his patient to 
talk about what ails him. It is far better to 
proceed from the present backward al- 
though in the final write-up the history may 
be presented in reverse order. We must pay 
strict attention to how the patient behaves 
during the interview, to the language he 
uses, to his attitude toward his symptoms 
and to the anxiety with which they are 
associated. We must keep our ears cocked 
for what has been called ‘“‘body language.”’ 
What is the body trying to say that the 
patient cannot say? 

During the course of such an examination 
we can include, without the patient’s ever 
knowing it, some of the usual psychologic 
tests for memory, symbolization, logical 
faculty and general intelligence. We do not 
need to have the patient say “methodist 
episcopal” in order to spot a dysarthria. 
We must above all get some knowledge 
of prevailing moods and suppressed emo- 
tions which may express themselves 
physiologically. 

As I said at the beginning what we are 
aiming at in taking a history is a knowledge 
of the person as well as of his illness because 
in most instances, perhaps in all, they are 
inextricably related. The method of what 
has been called “‘associative anamnesis’’? is 
a useful one. The patient is encouraged to 
talk freely. We interrupt him to guide him 
into productive channels, not by inter- 
posing new questions but by picking up one 
of his own statements and modifying it just 
enough to rephrase it into a query that 
will serve as a new point of departure. From 
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the mass of material so obtained we try to _ basis both of history taking and of subse- 
reconstruct a life history. We draw a map —_ quent therapy. 
to help us find our way, but we must never 

forget that the map making is a combined 

enterprise of patient and physician. It is for 1. Wo.rFr, Haro.p G. Protective reaction patterns and 
f disease. Ann. Int. Med., 27: 944, 1947. 

this not wal sentimenta that 2. Deutscu, Associative anamnesis. Psychoanalyt. 
the physician-patient relationship is the Quart., 8: 354, 1939. 
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HE Clinical importance of obtaining 

accurate records of volume changes 

and motions of the cardiac chambers 
and the large vessels is self-evident. Many 
clinical problems in the field of cardiology 
have been successfully studied by graphic 
methods such as cardiography, sphygmo- 
graphy, phlebography and esophagocardio- 
graphy. However, these methods permit 
but indirect conclusions as to the heart 
action and are limited in their scope and 
accuracy. Roentgenologic visualization of 
the cardiovascular silhouette offered a new 
approach to more direct records. Roent- 
genocinematography would be a desirable 
method for this purpose but is too cumber- 
some and expensive for general use and 
has been supplanted by roentgenkymo- 
graphy,’ a method screening out one or 
several points of the cardiac silhouette by a 
slitted diaphragm and moving a film in a 
direction perpendicular to the slits. The 
tracings so obtained record the movements 
of these particular points of the heart 
silhouette. 

Roentgenkymography was received with 
great expectations but its physiologic and 
technical limitations were soon recognized. 
The inherent physiologic limitation is due 
largely to the fact that the visible motion 
of the heart is a composite of changes in 
volume and changes due to motion of the 
heart as a whole. Attempts have been made to 
overcome the technical limitations of roent- 
genkymography which consist of limited 
speed and recording time, lack of detail and 
distortion of the recorded waves. With the 
advent of light-sensitive electronic tubes, 
these served as immobile receptors for the 
moving x-ray films. 


THE APPARATUS 


The first apparatus of this kind for 
practical use was developed by Henny and 
Boone who called their method electro- 
kymography (1945),?° followed by Lian and 
Minot (radioelectrokymography, 1946),?° 
Marchal (kinedensigraphy, 1946)?! and 
Luisada, Fleischner and Rappaport (fluoro- 
cardiography, 1947).*!-** These various ap- 
paratus and technics are based on a common 
principle although they are different in 
structural details, sensitivity and accuracy. 

The arrangement used by Luisada, Flei- 
schner and Rappaport*? consists of: (1) 
fluoroscope; (2) pick-up device attached 
to a fluoroscopic screen made up of a 
photo-multiplier tube (RCA-931-A) _pro- 
vided with a slitted diaphragm and a small 
fluoroscopic screen (Patterson B); (3) elec- 
trical arrangement to transform the incom- 
ing commercial current into direct current 
of staggered voltages, and a device for 
rapid change of degree of amplification; 
(4) electric filter suppressing the flicker 
from the x-ray tube; (5) galvanometer 
transcribing the tracing to a moving film; 
and (6) microphone to be connected with 
a sound recorder (of the ‘‘stethocardiette” 
or a similar apparatus). (Fig. 1.) 

Any upright fluoroscopic stand can be 
used for the seated patient; for very sick 
patients a horizontal fluoroscopic table is 
necessary. Any of the commercial tilt-tables 
can be used for both purposes. An x-ray 
machine with full-wave rectification is 
preferable because it is easier to suppress 
the 120-cycle ripple by filterage. Machines 
with half-wave rectification can also be 
used with a special filter for the 60-cycle 


ripple. 


* From the Departments of Radiology and Medicine, Beth Israel Hospital, Boston, Mass. 
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“1c. 1. Arrangement of the apparatus for fluorocardiography. (1) Pick-up unit behind the fluoro- 
scopic screen; (2) box with regulating panel; (3) electrophonocardiograph. The patient is shown in 
the lateral position for recording the right ventricular tracing. (4) The microphone, placed on the 


precordial area, records the heart sounds. 


The regulating devices described in (3) 
and (4) are built into a small portable box, 
8 by 12 by 51% inches. Any commercial 
electrocardiograph can be used. Since the 
authors apply the heart sounds as time 
reference, a ‘‘stethocardiette’ (or similar 
apparatus) has been used as the recording 
machine. From the above description it is 
clear that most of the necessary equipment 
is already available in practically every 
hospital and in many private laboratories. 
The additional new equipment consists of 
the pick-up and regulating units, two small 
portable pieces of low cost. 

While the classical roentgenkymograph 
registers the pulsating shadow directly on 
the film, in this new apparatus the pulsating 
changes of light energy, proportionate to 
the pulsating movements, are transformed 
into a pulsating electric current to be 
recorded by a standard electrocardiograph. 
This basic principle implies the possibility 
JUNE, 1949 


of using the same device for measurements 
of changes of density as a densograph; when 
the slit is placed over the center of an 
opaque object, the changes of opacity of 
the latter will be picked up and recorded. 
The polarity of the apparatus is so 
arranged that an increase in light causes a 
downward movement of the tracing. There- 
fore, any drop of the curve indicates either 
an inward motion of the cardiac border (if 
the slit is across the border of the cardiac 
silhouette) or a decrease in the thickness 
of the structure (if the slit is over an homo- 
geneous area, recording a densogram), both 
as a result of contraction. Any wave occur- 
ring before the first large vibration of the 
first sound is presystolic; any wave occur- 
ring after the last vibration of the second 
sound in diastolic; any wave taking place 
between the beginning of the first sound 
and the end of the second is systolic. 
Fluorocardiography would appear to 
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have the following advantages over roent- 
genkymography: (1) The slit can be applied 
perpendicularly to the section of the contour 
to be studied and choice of place is possible 
under fluoroscopic control. This is extremely 
important in the oblique positions and has 
a special value in the postero-anterior 
position of the patient. (2) The speed of the 
fluorocardiographic film is much greater 
and this causes an apparent spreading of 
the different waves. Magnification of the 
height of the waves can be regulated at will. 
These two facts permit better individualiza- 
tion and study of the details. Furthermore, 
fluorocardiographic tracings record as many 
cycles as desired, another fact which 
facilitates study. (3) The timing of the 
waves is obtained in a simple and accurate 
way by comparing the tracing with a phono- 
cardiogram simultaneously 
(Chamberlain, Henny and Boone**:** time 
their tracings by simultaneous records of 
the carotid pulse, while Lian and Minot?°® 
prefer the electrocardiogram as a time 
reference.) (4) Fluorocardiography permits 
accurate study of the auricles, ventricles 
and large vessels in the oblique and lateral 
positions. (5) Fluorocardiography, through 
magnification, permits accurate study of 
changes in opacity of various organs (denso- 
grams) thereby permitting the study of “‘ple- 
thysmograms”’ of organs like the branches 
of the pulmonary arteries (hilar vessels), 
pulmonary veins and pulmonary paren- 
chyma which could not be studied by 
roentgenkymography. 

The procedure is performed by a two- 
man team, the fluoroscopist and the electro- 
cardiologist. The ‘‘stethocardiette,” elec- 
trical unit and pick-up device being 
assembled and the wire connection attached, 
the patient is seated on a rotating stool 
in front of the fluoroscope. An elastic strap 
is slung around his chest to hold the 
microphone which is placed over the center 
of the precordium in such a way as not to 
overlap the cardiac borders. Transmission 
of the heart sounds is checked with the 
audiophone. The patient is then instructed 
how to hold his breath in a medium posi- 
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tion. The room is darkened as for any 
routine fluoroscopy, a screened pilot light 
illuminating the panel of the regulating 
unit and the electrocardiograph. With the 
patient in the postero-anterior position, the 
pick-up device is placed under fluoroscopic 
contro] in the region of the cardiac apex, 
the translucent slit being perpendicular to 
and crossing that part of the silhouette to 
be studied. With the slit in place and the 
fluoroscope in operation, the electrocardi- 
ologist regulates the amplitude of the 
deflections, then asks the patient to hold 
his breath and starts the electrocardio- 
graphic camera under constant observation 
and control of the light beam. After having 
obtained a good tracing of several heart 
cycles the operation is interrupted, the 
pick-up device moved to the next place 
desired and the same procedure repeated. 
Notes of the position of the patient, of that 
of the pick-up and of the degree of amplifi- 
cation used are made for every tracing. 

A special electrical filter has been adopted 
for the simultaneous recording of electro- 
and phonocardiograms together with the 
fluorocardiogram in particular cases. 

Several standard positions for the slit 
have been studied with the patient in both 
sitting and recumbent positions:***> (1) 
Patient in postero-anterior position (Fig. 2): 
Apex, mid-left ventricle and high left 
ventricle; pulmonary knob; aortic knob; 
high and low right auricle; pulmonary veins 
(densogram); right and left hilar shadows 
(densograms); high, middle and low right 
and left lung fields (densograms). (2) 
Patient in 10 degree left oblique: Left auricular 
appendage; ascending aorta. (3) Patient in 
45 to 60 degree left obliques: Left auricle; 
descending aorta (densogram); high, middle 
and low posterior ventricular border (left 
ventricle). (4) Patient in 45 degree right 
oblique: Left auricle; superior vena cava; 
inferior vena cava (in deep inspiration); 
upper border of diaphragm (liver tracing); 
high, middle and low anterior ventricular 
border (left ventricle). (5) Lateral positions 
(left lateral is preferred): Anterior ven- 
tricular border (right ventricle). 
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In most studies the fluorocardiograms 
were recorded during voluntary apnea in 
an intermediate phase because comparative 
observations had shown that the pulsations 
of the lung (and, to a lesser extent, those 
of the hilar shadows and the pulmonary 
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coarser than any of the waves due to cardiac 
action. A suitable condenser introduced 
between the fluorocardiograph and _ the 
recording galvanometer is sufficient to 
modify the time constant of the apparatus. 
The smaller the condenser the lesser is the 
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Fic. 2. Scheme of normal tracings recorded in the postero-anterior position. 


artery) were greater in inspiration than in 
expiration. A few words of instruction 
usually suffice in teaching the patients to 
hold their breath without excessively in- 
flating or deflating their lungs. By using this 
procedure, however, it was difficult to 
obtain reliable tracings in children and in 
patients with chronic diseases of the lungs, 
who were unable to control their respiration 
because of either age or dyspnea. This 
difficulty was overcome by the following 
technical means.‘ Wandering of the base 
line caused by respiration may be con- 
siderably reduced by altering the electrical 
time constant of the apparatus. When this 
constant is shortened, there is a propor- 
tionally greater attenuation of the coarse 
waves aS compared to the more rapid. 
Respiration is represented in the fluoro- 
cardiogram by extremely slow waves, far 
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electrical constant. Various size condensers, 
which may be selected by means of a 
switch, permit the operator to obtain the 
optimum time constant, namely, a value 
which produces a fluorocardiogram that 
does not wander off the paper. 

The reduction of the electrical time con- 
stant of the apparatus does introduce a 
certain degree of error in the fluorocardio- 
gram which is dependent upon the amount 
of reduction. The error presents itself in 
two forms: one is a slight error in the phase 
(or actual time) of registration of the 
component waves; the other is a slight 
change in the configuration. However, no 
elimination of the component waves which 
would be present under normal operating 
conditions was observed. 

Using the above described filter com- 
parative studies in normal subjects were 
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Fic. 3. Simultaneous fluorocardiograms of the apex 
(middle curve) and of a higher point of the left 
ventricular profile (lower curve). Phonocardiogram: 
The apical tracing initiates its drop at the beginning 
of the tension period while the higher ventricular 
tracing (lower curve) shows a notch in that phase and 
drops only at the beginning of the ejection period. 


made.*? It was proven that it is possible 
to record the pulsations of the lungs or any 
other cardiovascular or pulmonary structure 
during normal respiration with the follow- 
ing precautions: (1) Whenever possible, the 
subject is instructed to breathe evenly and 
slowly, without sudden gasps. (2) The 
roentgenologist should observe the visible 
structure which is being studied and make 
sure that it is not moving in and out of the 
slit because of respiratory dynamics. 


TYPICAL TRACINGS IN NORMAL SUBJECTS 


The tracing of the apex** reveals a small 
positive wave due to completion of ven- 
tricular filling by the auricular contraction; 
a small negative wave caused by torsion 
of the heart during the tension period; a 
deep negative wave during the ejection 
period of systole; a rapid rise in early 
diastole; a slow rise during middle and late 
diastole. (Fig. 2.) Tracings recorded over 
any point outside the apex usually present 
somewhat smaller waves and seem to start 
later than the apical tracing. The last fact 
is due to less marked interference of motion 
phenomena and gives the impression that 
the contraction starts at the apex and 
spreads toward the base. (Fig. 3.) Return 
of the ventricular mass to its position in 
diastole may cause non-coincidence of the 
deepest point with the second sound. This 
phenomenon, however, is more marked at 
the apex and may be entirely absent. 
Occasionally a slow rise or a slower course, 
even simulating a small drop in early 
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Fic. 4. a, tracing of the left auricle in the left ob- 
lique position. A negative wave is present in pre- 
systole in a normal subject because of auricu- 
lar contraction. B, tracing of the pulmonary veins 
in the postero-anterior position in the same sub- 
ject. A positive wave (a wave) is present during 
presystole. Line x indicates the initiation of the 
auricular waves (negative presystolic wave in the 
venous tracing). 


diastole, may be seen. The latter phe- 
nomenon is probably due to positional 
changes. The tracings of the anterior and 
posterior surfaces of the left ventricle are 
similar to those of the lateral margin. The 
tracing of the right ventricle is similar to 
that of the left but the waves have a smaller 
amplitude. 

Both left and right auricular tracings 
reveal first a deep negative wave resulting 
from the auricular contraction (Fig. 4a), 
then a second decrease of auricular volume 
due to ventricular traction over the A-V 
septum and later an early diastolic drop. 
If the subject is in the recumbent position, 
a gradual] rise in the tracing of the right 
auricle may be seen during systole on 
account of the greater venous return from 
the inferior cava. 

The tracing of the ascending aorta*® 
reveals first a small negative wave due to 
traction of the left ventricle over the root 
of the vessel, then a rapid rise and a 
sustained plateau similar to a tracing of 
intraventricular pressure, later a high wave 
in diastole due to summation of the dicrotic 
wave with a movement of return of the 
vessel to its prior position. A small positive 
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wave may be seen occasionally in pre- 
systole due to motion of the heart at the 
time of auricular contraction. 

- The tracing of the aortic knob** has all 
the characteristics of a ‘‘central’’ pulse. 
That of the pulmonary knob presents a 
smaller anacrotic depression and a higher 
dicrotic wave, often resembling the tracing 
of a peripheral pulse. (Fig. 5a.) 

The tracing of the descending aorta** 
usually presents a rounded profile and no 
trace of the dicrotic wave; the fact that the 
tracing is a densogram may explain the lack 
of details. 

The tracing of either hilar shadows***> 
reveals an arterial wave which starts with a 
definite delay over that of the pulmonary 
knob; it has a rounded profile, a peak which 
is near the second sound and may or may 
not present a dicrotic wave. (Figs. 2 and 5s.) 

The tracing of the pulmonary paren- 
chyma**3> (Fig. 5c) is equivalent to a 
plethysmogram. The ascending branch of 
the wave is purely arterial; the rise of the 
wave occurs with a certain delay over that 
of the respective hilar vessels. On the other 
hand, the peak and the descending branch 
of the wave are deeply affected by variations 
in the venous filling of the lung. Actually 
the peak occurs soon after that vibration 
of the phonocardiogram which records the 
opening of the mitral valve. The descent 
of the tracing is rapid on account of the 
forward motion of the pulmonary venous 
blood toward the heart in early diastole 
which causes depletion of the venous 
network. 

The pulmonary veins can be studied by 
applying the slit transversely over an area 
which is about 2 cm. outward from the 
convexity of the right auricle in the postero- 
anterior positions.*® This point was indi- 
cated by Marchal”! as corresponding to a 
bundle of pulmonary veins and this was 
confirmed by timing the arrival of diodrast 
on a fluorocardiogram. A thick vascular 
shadow is visible at times in that area. 

The arrangement of the larger vessels 
of the hilar region is different for the arteries 
and the veins. It has been known that 
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Fic. 5. The arterial wave in the pulmonary circu- 
lation in a normal subject. a, pulmonary knob; 
B, right hilum; c, visible base of the right lung. 
These tracings have been taken with different 
degrees of amplification, minimal amplification 
being used for the pulmonary knob (A) and maxi- 
mal amplification for the peripheral lung field (c). 


veins coming from the middle and lower 
lobes on the right, in their almost horizontal 
course, occupy the space between the right 
heart border and the lower portion of the 
right hilar shadow thus providing an area 
mainly occupied by veins. Tracings recorded 
over this ‘‘venous field’? present a typical 
“venous” pattern.*® They show a positive 
presystolic wave (‘‘a’’ wave), an early 
systolic collapse and a gradual rise which 
culminates at the time of mitral valve 
opening (‘‘v’’ wave). (Fig. 4B.) 

A satisfactory tracing of the superior vena 
cava** is seldom recorded in normal sub- 
jects, young or old. It is more commonly 
recorded if there is venous engorgement. 
On the other hand, the tracing of the 
inferior cava**® is obtained frequently in 
deep respiration. It shows a positive wave 
in presystole, a deep systolic collapse and a 
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diastolic collapse. It resembles the me- 
chanical tracing of the liver. 
Fluorocardiogram of the Child. The in- 
fantile fluorocardiogram can be obtained 
by using the aforementioned filter.** It still 
presents occasional irregularity or wander- 
ing of the base line due to the fact that 
children frequently have a sudden onset and 
end of inspiration with an abrupt change 
in phase. As a result the filter cannot prevent 
entirely a slight wandering of the base line 
because the speed of the respiratory wave 
is similar to that of the cardiac waves. In 
spite of this, perfectly visible cardiac waves 
can be obtained over all those cardio- 
vascular and pulmonary structures. 


SPECIAL STUDIES OF NORMAL PHYSIOLOGY 


Velocity of the Arterial Waves in the Pulmo- 
nary Circulation. ‘The velocity of the pulse 
waves in the lesser circulation has been 
studied in ten subjects by comparing the 
tracings obtained by placing the slit first 
over the pulmonary knob, then over the 
right hilar shadow and later at the visible 
base of the right lung.*® (Fig. 5.) 

The average times of arrival of the pulse 
waves are 0.08 second for the pulmonary 
knob, 0.12 second for the right hilum and 
0.16 second for the visible base of the right 
lung. These data were obtained by measur- 
ing the distance on the tracing from the 
beginning of the first sound to the foot of 
the wave. Correct figures are about 0.06 
second lower because the opening of the 
pulmonic valves takes place later than the 
beginning of the sound. 

Considering the distances travelled by 
the pulse wave, the authors calculate a 
velocity of the pulse waves of 2 M. per 
second between pulmonary knob and right 
hilus, and 2.75 M. per second between 
right hilus and visible base of right lung. 
While the speed of the pulse in the lesser 
circulation is less than in the greater, being 
roughly one-third of the latter, the pulse 
increases its speed in the small, less ex- 
tensible arterioles both in the lesser and in 
the greater circulation. 


Temporal Relationship between the Contrac- 
tions of the Right and Left Heart. Knowledge 
of the normal temporal relationship of con- 
traction of the two auricles and ventricles is 
important in various clinical conditions, 
like bundle branch block, Wolff-Parkinson- 
White syndrome and interauricular dis- 
turbances. Ellinger, Gillick, Boone and 
Chamberlain®*** found no constant time 
relationship between the action of the right 
and left heart in healthy individuals indi- 
cating that the right heart may precede the 
left heart by up to 0.03 second or lag behind 
0.01 second. 

In order to obtain a double simultaneous 
tracing two apparatus for fluorocardiog- 
raphy and a ‘‘Tri-Beam Stethocardiette”’ 
were used. Observations were made on 
eight normal subjects between the ages of 
fourteen and forty-six.** The two ventricles 
were studied in the left Jateral position 
applying one slit as low as possible across 
the anterior border of the cardiac shadow 
(right ventricle) and the other across the 
lower posterior border (left ventricle). The 
two auricles were studied with the subject 
in the right oblique position by applying 
the slits, one below the right bronchus (left 
auricle) and the other much lower (right 
auricle). The pulsations of the pulmonary 
arch and of the aortic arch were studied 
with the subjects in the postero-anterior 
position by applying the slits of the two 
pick-up units across the borders of the 
curves corresponding to the two _ large 
vessels. 

The various observations concerning the 
temporal relations in cardiac action confirm 
each other. The final conclusions concerning 
the time relationship of the ventricular 
pulsations are based on the correlation of 
tracings obtained from the auricles (indi- 
cating the opening of the A-V valves), from 
the ventricles (showing the beginning of 
ejection from both ventricles) and from the 
large vessels (revealing the initial rise of 
the aortic and pulmonic pulses). The 
evidence indicates that the right ventricle 
contracts first and the interval between the 
contractions of the two ventricles is between 
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0.025 and 0.030 second. (Fig. 6). The same 
interval exists between the pulmonic and 
aortic pulses. These results indicate an 
interval which is larger than that found by 
experimentation on animals. This is partly 
due to the fact that we measure the intervals 
between the beginning of ejection of the two 
ventricles and not between the actual 
initiation of two systoles. 

Observations on the pulsations of the 
auricles indicate that here, too, there is a 
brief interval, the right auricle contracting 
before the left. Our observations, therefore, 
are consistent with known physiologic facts. 

Isometric Relaxation Period of the Left 
Ventricle. ‘The study of this period is impor- 
tant for both physiologic and clinical 
studies as it represents the interval between 
the closure of the aortic valve and the 
opening of the mitral valve. Several at- 
tempts have been made to measure this 
period in norma] subjects by means of arte- 
rial and venous tracings or by observation of 
electrokymograms.”* A phonocardiographic 
study with simultaneous recording of phono- 
cardiograms and fluorocardiograms led 
Luisada, Romano and Torre*® to the con- 
clusion that previous figures were too high. 
Their findings varied between 0.04 and 
0.07 second in norma] subjects and between 
0.07 and 0.11 second in patients with 
mitral stenosis. They also were able to 
demonstrate that the small rebound which 
may be observed occasionally in the tracing 
of the left ventricle is entirely in the early 
diastolic phase and starts after the opening 
of the mitral valve. 

Attempts at Measurement of Blood Pressure in 
the Lesser Circulation. In a brief note”? 
Marchal suggested the use of the fluoro- 
cardiogram of the lung (called by him 
‘“‘kinedensigram’’) for the measurement of 
blood pressure in the lesser circulation. He 
tried to reduce the pulsations of the lung by 
means of an elevation of the intrapulmonary 
pressure. To this end, he had the patient 
expire forcibly into a manometer and the 
complete extinction of the pulmonary 
pulsation was taken as an indication that 
the systolic pressure of the pulmonary 
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Fic. 6. Simultaneous tracings of the right and left 
ventricles in the left lateral position. The right ventricle 
contracts before the left. The upper tracing is a 
phonocardiogram. 


arterioles had been reached by the air of 
the alveolar cavities. The method, if suc- 
cessful and accurate, would permit the 
measurement of pressure in the lesser 
circulation without danger to the patient. 
Therefore it deserved control. Several series 
of experiments were performed. 

Using a valve which permitted controlled 
alteration of the positive pressure against 
which the subject was exhaling, several 
experiments were performed. High expira- 
tory pressures were followed first by a 
decrease of the positive pulmonary pulsa- 
tions, then by their transformation into 
negative waves. 

The transformation of the tracing, which 
was followed in some cases by complete 
disappearance of any pulmonary pulsation, 
occurred only for pressures of 35 to 50 
mm. Hg. As the latter are definitely too 
high for pulmonary arterial pressures, two 
possibilities were considered: (1) That the 
subject may not expire when the pressure of 
the bottle is higher than that which he can 
reach. Marchal admitted this possibility. 
Then the pressure of the manometer does 
not correspond to that of the respiratory 
passages. (2) That the pressure of the 
pulmonary artery is raised temporarily by 
the increase of the intra-alveolar pressure. 
In order to check this tests were made on 
experimental animals.*’ The trachea of an 
anesthetized dog was connected with the 
bottle by the valve device already tested in 
man; the pressure of the right ventricle was 
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Fic. 7. Tracings of patients ai mitral stenosis and insufficiency. A, a patient ace sinus rhythm. The negative 
wave is in presystole (x); the positive plateau is in systole. B, a patient with auricular fibrillation. There is an absent 


presystolic wave and a positive systolic plateau. 


recorded by means of a venous catheter and 
a Sanborn electromanometer. The ven- 
tricular tracing indicates that when the 
animal expires against pressure, the diastolic 
pressure of the right ventricle rises becoming 
positive (increase of residual blood?) and 
that the systolic pressure rises even further, 
reaching a level which is over 40 per cent 
higher than the normal level. This result, in 
our opinion, invalidates the accuracy of the 
method for clinical purposes. 


OBSERVATIONS IN CLINICAL CONDITIONS 


Dynamics of the Left Auricle and Pulmonary 
Veins in Mitral Valve Lesions. ‘The effects of 
mitral valve lesions on the left auricle have 
been studied by numerous authors using 
different methods (auscultation, inspection 
and palpation, esophagocardiography). 
Fairly accurate observations of motion 
changes of the left auricle have been made 
in the past by fluoroscopy and roentgen- 
kymography."’ Fluorocardiographic studies 
have confirmed and amplified those obser- 
vations.*® The authors studied twenty-three 
patients with lesions of the mitral valve. 
Correlation of the clinical diagnoses, the 
phonocardiographic findings and the fluoro- 
cardiographic tracings led to the following 
conclusions: (1) In patients with mitral 
regurgitation or double mitral lesion there 
is always a positive systolic plateau. (2) In 
patients with mitral stenosis and no clinical 
evidence of insufficiency (no systolic mur- 
mur) a typical systolic plateau is also 


present. (3) The plateau is typical both in 
cases with sinus rhythm and in those with 
auricular fibrillation. (Fig. 7.) 

The typical pattern in the fluorocardio- 
graphic tracing of the left auricle in patients 
with mitral valvular disease is due to the 
regurgitation of blood from the left ven- 
tricle into the left auricle during ventricular 
systole. It consists of a rectangular positive 
“plateau”? and resembles both the tracing 
of intraventricular pressure and that of the 
left auricle in animals with experimental 
lesions of the mitral valve. 

Another abnormal feature was found in 
tracings from patients with mitral stenosis 
and sinus rhythm; this consists of an ab- 
normal form and depth of the auricular 
wave which was small, irregular and often 
difficult to visualize. This abnormality may 
be attributed either to slow emptying of the 
left auricle because of marked mitral 
narrowing or to weak left auricular con- 
traction caused by muscle damage in the 
left auricle. 

In conclusion, the fluorocardiogram of 
the left auricle in mitral valvular disease 
typically demonstrates a positive plateau 
(regurgitation during ventricular systole). 
This is even more pronounced in instances 
of auricular fibrillation and thus may be of 
diagnostic value even in the absence of any 
apical murmur. 

In addition, the tracing of the pulmonary 
veins presents an abnormal and _ typical 
pattern in those instances in which the left 
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auricular tracing shows a plateau. This 
pattern consists of; (1) high positive auricu- 
lar wave in presystole if there is sinus 
rhythm; no auricular wave if there is 
auricular fibrillation; (2) typical positive 
plateau in systole similar to that of the left 
auricle. This proves that the regurgitation 
of blood from the left ventricle into the left 
auricle either continues back into the 
pulmonary veins or causes an increase of 
pressure and volume in the latter which 
faithfully reproduces the curve of pressure 
(and volume) of the left auricle, as was 
expected theoretically. 

Tracings of the Left Ventricle in Myocardial 
Infarction. ‘The abnorma] movements of 
the left ventricular wall following myo- 
cardial infarction have been repeatedly 
investigated by means of roentgenkymog- 
raphy.”!!~’ The most common abnormal- 
ities described were diminution or absence 
of pulsation in a segment of the left ven- 
tricular contour, systolic expansion over the 
lower left contour and diastolic splintering. 
While most observations were made with 
the patient in the postero-anterior position, 
some were made also in the oblique 
positions. ! 

Luisada and Fleischner*’ have studied 
twenty cases of myocardial infarction. The 
patients were studied in the sitting position 
if the lesion was old and in the recumbent 
position if the lesion was recent. The left 
ventricle was studied first in the postero- 
anterior position, then in both obliques (a 
40 degree right oblique permits observation 
of the anterior wall; a 60 degree left oblique, 
of the posterior wall of the left ventricle). In 
each of these three positions the study 
started by applying the slit over the lowest 
point above the diaphragm or, if the lower 
profile of the heart was visible through the 
gastric fundus, over the most medial point 
of this. Then several different points were 
studied along the contour of the left 
ventricle from its lowest to its highest part. 
The same procedure was repeated in the 
oblique positions. 

Various abnormalities have been ob- 
served. Some of them have been found 
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typical of circumscribed damage to the 
ventricular wall; others are not specific and 
may be observed also in casesof diffuse 
myocardial damage. 

Various abnormal patterns were observed 
during systole. Four of these can be grouped 
together, being an expression of .various 
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Fic. 8. Scheme of the major abnormalities of the 
ventricular tracing (continuous line) compared 
with the normal tracing (dotted line) in myo- 
cardial infarction. (1) Decreased amplitude of the 
ventricular wave; (2) early end of the ventricular 
wave; (3) late onset of the ventricular wave; (4) 
early systolic distention followed by normal con- 
traction; (5) systolic distention (dynamic aneu- 
rysm); (6) marked presystolic distention; (7) early 
diastolic rebound; (8) late distention in diastole; 
(9) decreased amplitude of the systolic wave 
followed by early diastolic drop. 
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Fic. 9. Tracings of the anterior left ventricular wall in the left oblique position. Old anterior myo- 
cardial infarction present. Local paralysis (A) compared with a tracing recorded one step lower (B) 


which indicates a strong contraction. 


Fic. 10. Dynamic aneurysm; inverted or ‘‘paradoxical”’ pulsation with formation of a positive plateau 


in two cases (A and B) of old myocardial infarction. 


degree of the same phenomenon, namely, 
reduced amplitude, early end or late onset 
or absence of the ventricular wave. (Figs. 
8 and 9.) Two other systolic patterns 
express a greater or lesser tendency toward 
distention, namely, early distention followed 
by normal ventricular wave or inverted 
pulsation (so-called paradoxical puisation). 
(Figs. 8 and 10.) Various abnormal patterns 
were also observed during diastole, such as a 
marked rebound, absence of rapid rise or 
drop of the tracing in early diastole. 
(Fig. 8.) 

In four of the authors’ cases the electro- 
cardiogram indicated posterior myocardial 
infarction; in all of these the abnormality 
of contraction demonstrated by fluoro- 
cardiography was located in the posterior 
wall and extended to the lateral wall. In 
eight cases the electrocardiogram indicated 
anterior or anterolateral myocardial infarc- 
tion. In six of these the abnormality of 
contraction was located in the anterior wall 
and extended to either the apex or the 
lateral wall; in one case (incompletely 
studied) a posterolateral abnormality was 
found; in one no abnormality was observed. 
In seven cases there was a history of 


repeated attacks of myocardial infarction 
or of attacks of severe, prolonged, pre- 
cordial pain; in all of them marked ab- 
normalities of contraction were found in 
the anterior, posterior and lateral wall. 
There is thus almost 90 per cent agree- 
ment between electrocardiogram and flu- 
orocardiogram as to location of myocardial 
infarctions. (Fig. 11.) 

Two abnormalities of the systolic wave 
have been considered diagnostic of localized 
myocardial damage, in the majority of 
instances this being identical with myo- 
cardial infarct: (1) Reduced amplitude of 
the ventricular wave or disappearance of 
this wave in a circumscribed region of the 
left ventricle. Whenever the surrounding 
areas present large waves, this sign is 
definitely related to infarction. As that area 
is functionally (and usually also anatomi- 
cally) excluded from participating in active 
contraction, the authors suggest the name 
of local paralysis for the phenomenon thus 
revealed by fluorocardiography. (2) In- 
verted pulsation (paradoxical pulsation) of 
a circumscribed area of the ventricular 
myocardium. In typical cases this inverted 
pulsation assumes the aspect of a plateau, 


AMERICAN JOURNAL OF MEDICINE 


766 
| 
A 
| 
| 
10. 


Fluorocardiography—Luisada, Fleischner 


indicating that the inert wall is passively 
distended by intraventricular pressure. This 
type of pulsation may be associated with the 
existence of a well defined bulge of the 
ventricular silhouette on chest films. In 
such cases the term ventricular aneurysm 
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even if taken at the maximum of systole, 
would show but a minute projection hardly 
detectable without simultaneous observa- 
tion of the two opposite motions. The 
dynamic significance of such an inverted 
pulsation is similar to that of an aneurysm. 


Fic. 11. Diagrammatic locations of the positions of the slit and topographic reconstruction of the 
morphologic changes in a patient with multiple myocardial infarctions. Dynamic aneurysm extends 
from the apex to the anterior wall. There is local paralysis above the apex as well as multiple ab- 
normalities of contraction in the posterior wall. There were two older and one recent attack of 
anterior infarction. Electrocardiograms taken of the limb leads, unipolar chest leads and unipolar 
limb leads. The schematic tracings on the right side of the figure refer to the fluorocardiograms re- 
corded over the left ventricle in the postero-anterior view (central sketch); those at the bottom refer 
to tracings recorded over the anterior and posterior wall, respectively, in the oblique positions. 


is commonly used. In other cases the bulging 
occurs only in systole while no bulge is 
present in diastole. This phenomenon, 
occasionally observed on fluoroscopy, is 
hardly noticeable on roentgenograms; these, 
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The wall distends in systole absorbing part 
of the dynamic effort of the normal myo- 
cardium; it collapses in diastole, disturbing 
the normal filling and spilling its retained 
blood into the rest of the ventricular 
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cavity. This similarity may justify a new 
term, dynamic aneurysm, for instances in 
which a typically inverted pulsation is found 
without any persisting bulge in the profile 
of the left ventricle. 

Both lack of pulsation and _ inverted 
pulsation were encountered on either the 
anterior or the posterior wall, or in one of 
these locations extending to the lateral wall 
or in a larger area including anterior, 
lateral and posterior walls. Most common 
is either anterior or posterior localization 
with extension to the lateral wall. 

Studies in Uncomplicated Cardiac Shunts. 
The authors have studied ten such cases 
between the ages of thirteen and thirty-five. 
These were all patients presenting charac- 
teristic clinical, roentgenologic, electro- 
cardiographic and phonocardiographic find- 
ings. Five had a patent ductus arteriosus 
while the other five had a ventricular septal 
defect. Speed, shape and height of the pulse 
waves were studied.‘? (1) The study re- 
vealed a higher speed of the pulmonary 
arterial wave in the cases of patent ductus; 
normal or slightly abnormal figures in 
septal defect. (2) Shape of the pulse waves: 
This can be studied by measuring the 
distance foot-peak in the waves. In both 
groups of patients the pulse was normal 
(patent ductus) or slightly tardus (septal 
defect) in the pulmonary knob; it was 
celer (more so in the patent ductus) in the 
hilum and pulmonary parenchyma. (3) 
Height of the pulse waves: In patent ductus 
arteriosus the pulse wave in the pulmonary 
knob is frequently as high as or higher than 
the pulse in the aortic knob. In ventricular 
septal defect the pulmonic pulsations are 
higher than the normal but smaller than 
those of the aorta. The peripheral pulmonic 
pulses (hilar and parenchymal) are _in- 
creased in height in both defects but less so 
in ventricular septal defect. 

Even if no typical abnormality was 
revealed by this study, the diagnosis of the 
two types of shunts (patent ductus and 
ventricular septal defect) and the differ- 
ential diagnosis between them may be 
made easier by fluorocardiography. More- 


over, the finding of a normal left auricular 
tracing in a patient with a loud systolic 
murmur is an indirect indication of a 
septal defect.*® 

Studies in Chronic Cor Pulmonale. ‘The 
authors first studied six patients with only 
mild dyspnea who, despite chronic cor 
pulmonale, were able to hold their breath 
during the recording of fluorocardiograms. *” 
In these subjects the pulsation of the pul- 
monic knob was found greater than in 
normal subjects and sometimes larger than 
that of the aortic knob. The pulsation of 
the hilar shadows was found abnormally 
high, occasionally as great as that of the 
pulmonary knob. On the other hand, the 
pulsation of the pulmonary parenchyma 
was found abnormally small and, at times, 
not recordable. In two cases with predomi- 
nant lesions of one lung the pulsation was 
imperceptible in that lung but normal in 
the other. Differences between the various 
lobes have been observed in cases with 
lobar predominance of the lesions. ‘These 
findings reveal a decreased vascularization 
of the lungs (or part of them) caused by the 
chronic process and an increased pressure 
in the larger vessels as a result of the reactive 
hypertrophy of the right ventricle (pul- 
monary hypertension and cor pulmonale). 

In another patient with severe dyspnea 
due to emphysema tracings were recorded 
by using the aforementioned filter.*? It was 
possible to observe the details of the pulsa- 
tions of the pulmonary artery which had an 
extremely high dicrotic wave in contrast 
with the simple profile of the aortic pulse. 
Also, by means of the filter, it was possible 
to record a fair pulsation at the base of one 
lung, no pulsation at that of the other. This 
coincided with the physical and _ roent- 
genologic findings of emphysema which 
was predominant on one side. 

Aortic Aneurysms and Medtastinal Tumors. 
Differential diagnosis between these two 
conditions is a problem which frequently 
confronts the roentgenologist. Both in the 
case of a mediastinal tumor and in that 
of an aortic aneurysm the shadow of the 
mass may pulsate. In the first instance the 
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pulsation is transmitted; in the second it is 
due to the expansion of the pouch. While a 
border fluorocardiogram may not be able 
to differentiate between the two lesions 
because in both cases the border will move 
with a pulsation of arterial type, theoreti- 
cally a densogram of the shadow would 
permit easy differentiation. In the case of a 
tumor the mass is solid and poorly provided 
with vessels while in the case of an aneu- 
rysm the whole mass is full of blood and 
expands in systole, increasing its thickness. 

A study was made in two cases of medi- 
astinal tumors, in two cases of diffuse dila- 
tation of the aorta and in one case of 
aneurysm of the junction between aortic 
arch and descending aorta. The tumors 
gave densograms which revealed only 
minute, irregular pulsations. The cases 
with diffuse dilatation and that with the 
aneurysm gave densograms which are 
absolutely identical in shape with the 
border tracings in the same cases and nearly 
as high. This demonstrates that fluoro- 
cardiography may be used for the differ- 
ential diagnosis between the two conditions. 
Even in the case of an aneurysm full of 
clots it is likely that some part of the pouch 
still communicates with the lumen of the 
aorta; this should be sufficient to cause an 
expansive pulsation of the pouch and to 
give a densogram of arterial type. 

Contractions of the Right and Left Auricles in 
A-V Block. Study of auricular contractions 
in these conditions requires simultaneous 
recording of three tracings, the fluoro- 
cardiogram, the phonocardiogram and the 
electrocardiogram. Recording the electro- 
cardiogram while the patient is examined 
by x-ray requires a special attenuator (or 
filter) to prevent flickering of the base line. 
This was previously described by us*! and 
was employed for this particular study. 
Electrocardiograms also have been taken 
by others?”%° using different technical 
devices. 

The profile of the isolated auricular wave 
is similar in both the right and the left 
auricles.*? It is much simpler than when 
the auricular is followed by a ventricular 
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contraction, on account of the interference 
of the latter with the auricular volume. The 
auricular wave consists of a rapid drop 
followed by a slower rise and closely re- 
sembles the profile of a ventricular wave 
recorded over the border of the left ventri- 
cle. ‘This observation is not in full agreement 
with those of others®® who called a “pure” 
auricular curve that actually showing very 
little result of the auricular contraction. 

The actual degree of emptying of the 
auricular chambers can be observed and 
it is possible to see the influence of ventricu- 
lar contraction on the subsequent auricular 
tracings. 


MISCELLANEOUS OBSERVATIONS 


Arteriovenous Fistula. One such case was 
studied by recording the tracings of the left 
ventricular margin. Manual occlusion of 
the femoral fistula led instantaneously to 
bradycardia and to a remarkable increase 
in the amplitude of the ventricular wave; 
the latter fact was not revealed by either 
fluoroscopy or serial chest films. 

Pericarditis with Effusion. One case was 
repeatedly studied. During the stage of 
effusion no visible wave was recorded on 
any point of the pericardial contour. After 
paracentesis and introduction of air typical 
but somewhat small waves were recorded 
over the left ventricular and right auricular 
borders above the fluid level. The fluid 
level itself pulsated and presented a typical 
ventricular pattern on the left and an 
auricular pattern on the right. After 
complete recovery normal tracings were 
recorded. 

Bundle Branch Block. Observations in 
this field have been made by Ellinger and 
his co-workers. 


OTHER POSSIBLE APPLICATIONS 


This review has been based predominantly 
on the observations made by one group*! *” 
since the beginning of their studies about 
three years ago, although it also covers all 
other available reports. These early results 
in the field of physiology and practical 
clinical application are encouraging. More 


> 

~ 


770 Fluorocardiography—Luisada, Fleischner 


is to be expected from continued work and 
the activity of other groups with this and 
related methods. 

It would seem that the method of fluoro- 
cardiography, which is flexible, easy of 
performance and requires but a small invest- 
ment in apparatus, deserves wider explora- 
tion for its value in pathophysiologic studies 
and for its clinical usefulness. 


SUMMARY 


Studies of technic, observations on nor- 
mal subjects and first clinical applications 
of a new method are reported. The method 
permits inscription on a continuous film of 
either the motions of the border of the 
cardiovascular silhouette, as observed on 
the fluoroscopic screen, or the changes in 
density of the cardiovascular shadows. The 
method in general is called fluorocardiog- 
raphy; the two types of tracings are 
termed border tracings and densograms, 
respectively. 

Various tracings and their physiologic 
interpretations are given in detail. 

Studies of cardiovascular physiology are 
reported; among these are one on the 
temporal relationship between the con- 
tractions of the right and left heart; one on 
the velocity of the arterial pulse wave in 
the pulmonary circulation; one on _ the 
isometric relaxation period of the left 
ventricle; and one on pressure recording 
in the pulmonary artery. 

The results of two systematic clinical 
studies are reported, one in mitral valve 
lesions, the other in myocardial infarction. 
In addition, various clinical observations 
are reported including cases of uncompli- 
cated shunts, cor pulmonale, pericarditis, 
heart block, aortic aneurysms and others. 
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Dynamics of Congestive Heart Failure’ 


Dickinson W. RICHARDS, JR., M.D. 


New York, New York 


ONGESTIVE heart failure involves all 

parts of the heart and circulation. 

In an analysis of this condition it 

may be useful to enumerate the main 

physiologic components of this complex 
apparatus: 

1. Intrathoracic and intra-abdominal 
great veins and right auricle: the systemic 
venous reservoir. This contains, in normal 
conditions, a generous volume of blood 
under low tension, such that normal stroke 
volumes of 70 cc. or 80 cc. are removed at 
each heart cycle, under resting conditions, 
with only a 3 mm. to 5 mm. change in the 
right auricular pressure. ' 

2. Right ventricle: The volume of blood 
in the normal right ventricle is not accu- 
rately known; it is probably somewhere 
in the neighborhood of 50 cc. at the end of 
systole and thus about 130 cc. at the end of 
diastole.” Systolic right ventricular pressure 
averages 25 mm. Hg, the end diastolic 
(filling pressure) 1 to 3 mm. Hg.’ 

3. Pulmonary artery: Systolic pressure 
averages 25 mm. Hg, with a normal range 
of 18 to 30 mm. Hg, the diastolic pressure 
is about 8 mm. Hg. 

4. Pulmonary capillaries: Pressure in 
these vessels has been recorded from 7 to 
15 mm. Hg.? 

5. Pulmonary veins and left auricle: the 
pulmonary venous reservoir. This is ap- 
parently a less voluminous and less dis- 
tensible blood reservoir than that on the 
right side as the pressure changes during 
the cardiac cycle are much wider.‘ Nor- 
mally the pulmonary vascular system is 
thought to contain some 300 to 500 cc. of 
blood. The mean left auricular pressure is 


about 4 mm. Hg higher than that of the 
right auricle.’ 

6. Left ventricle: There apparently is 
residual blood in the normal left ventricle 
at the end of systole,’ and the volumes may 
be presumed to be similar to those in the 
right ventricle; systolic pressure 120 + 20 
mm. Hg; the end diastolic pressure is 
probably a few mm. Hg higher than that 
in the right ventricle.* 

7. Coronary circulation: There is very 
little factual information about coronary 
blood flow in human beings although such 
studies are now in progress. 

8. Systemic aorta, arteries and arterioles: 
This elastic system, with its systolic pressure 
of 120 + 20 mm. Hg and diastolic (in the 
brachial arteries) around 75 mm. Hg, main- 
tains a flow of blood to tissues throughout 
the cardiac cycle. There is an extraordi- 
narily effective and sensitive reflex mech- 
anism regulating over-all arteriolar tone, 
or “peripheral resistance,” tending in gen- 
eral to maintain an approximately constant 
blood pressure in spite of wide changes in 
cardiac output and in regional blood flows. 

9. Systemic capillaries, systemic veins: 
Here also there are constantly active vaso- 
motor adjustments, both local and regional, 
in accordance with tissue needs. Mc- 
Michael,” in his paper in the present series, 
stated admirably the case for both the 
existence and the importance of veno- 
motor tone as a factor in cardiocirculatory 
dynamics. 

10. Blood depots, shunts: It is important 
to realize that there are in the systemic 
circulation large regional volumes of blood 
that can be shifted, at need, into the central 


* From the Department of Medicine, Columbia University College of Physicians and Surgeons; and the First Medical 
and Chest Services, Bellevue Hospital, New York, N. Y. 
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(intrathoracic) venous reservoir and can 
be maintained there and then shifted away 
again. The Valsalva experiment results in a 
large overdistention of all great veins with 
blood whether or not the arterial blood 
pressure falls. Pericardial tamponade and 
other central venous obstructions do the 
same thing, such distention being also 
sustained. In muscular exercise all visible 
veins are full of blood while at the same 
time arteries and arterioles are also dilated. 
Just where in the periphery this distending 
blood volume comes from is not clearly 
known. Krogh’s idea’ that the splenic- 
portal-hepatic system is the chief mecha- 
nism which shunts blood into the general 
circulation apparently is true for the dog,° 
but there is no good evidence that this 
mechanism operates in man. 

The aforementioned is in a sense only an 
extension of the general notion of veno- 
motor tone, but it is a special aspect of this 
function and deserves emphasis. Certainly 
nothing is further from the truth than the 
oversimplified concept that the circulation 
consists of an arterial tube and a venous 
tube, with a resistance between and a pump, 
the heart, driving fluid around the circuit 
and that blood volume shifts can only be 
from arterial tube to venous tube, or vice 
versa. 

11. Renal circulation: This controls salt 
and water balance and thus ultimately 
tissue and blood volumes. The significance 
of this function in congestive heart failure 
has been extensively covered in other papers 
of this series. 

Performance of Normal Circulation in Exer- 
cise. A knowledge of the action of the nor- 
mal heart and circulation, especially under 
conditions of stress, is essential to an under- 
standing of the physiology of congestive 
heart failure. 

In physical exertion of moderate degree, 
oxygen consumption will be increased from 
300 cc. per minute to 1,800 cc. per minute. 
To provide the tissues with oxygen there 
will be something like a two-fold increase in 
arteriovenous oxygen difference and a three- 
fold increase in cardiac output. The latter is 
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usually accomplished in part by increase in 
heart rate and in part by increase in stroke 
volume. 

At this increased level of blood flow, 
systemic arterial blood pressure normally 
increases but not greatly; pulmonary arte- 
rial pressure is not increased at all;'' indi- 
cating in both pulmonary and _ systemic 
circuits a marked “compensatory” arte- 
riolar dilatation and decrease in peripheral 
resistance. 

Venous pressures during exercise, or more 
exactly the effective or ‘‘net’’ filling pres- 
sures at the end of diastole in the right and 
left ventricles, are difficult to ascertain. 
Earlier studies described increase in periph- 
eral venous pressure, up to about 130 mm. 
saline, during exercise; more recent work 
suggests that there may be little rise or even 
a fall.? The actual ‘“‘net filling pressure’’ in 
the right ventricle, that is, the effective pres- 
sure within the thorax, can only be deter- 
mined by simultaneous measurements of 
intraventricular and intrathoracic pressures, 
and this has not been done in exercise in 
human subjects. Such measurements have 
been made in a few cases by Lauson et al.® 
through the respiratory cycle at rest, and 
by Motley et al.!? during positive pressure 
breathing; these measurements indicate that 
there is, under these conditions at least, a 
relation between the effective end diastolic 
filling pressure in the right ventricle and the 
stroke volume of the ventricle, the stroke 
volumes changing as much as 25 to 40 per 
cent for corresponding changes of 2 to 4 
mm. Hg in end diastolic pressures. ‘This in- 
formation is perhaps useful in suggesting 
that changes in filling pressure in the ven- 
tricles need be only very small for consider- 
able increases in stroke volume under certain 
restricted conditions. How far this can be 
applied to muscular exercise is unknown. 

From the point of view of venous return 
it is apparent that with the increased cardiac 
output in exercise, venous blood volumes are 
shifted so that there is at all times an ade- 
quate filling of the central systemic venous 
reservoir. Heart volume is little if at all in- 
creased in normal subjects during moderate 
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work! and even may be decreased, suggest- 
ing that the ventricle increases its stroke 
volume output by increased emptying rather 
than increased filling. 

Starling’s law, on the other hand, states 
that the energy of cardiac contraction, 1.e., 
stroke volume, is proportional to the dias- 
tolic volume of blood in the ventricular cham- 
ber, up to a certain limiting physiologic 
volume.”'* Another relationship, often re- 
ferred to as Starling’s law, that the stroke 
output increases with increasing diastolic 
filling pressure in the ventricle might better 
be called Frank’s law or principle since 
Otto Frank’s extensive experiments’? with 
the frog heart led to this general conclusion. 

At all events it would seem, as McMichael 
and others have noted,” '* that the response 
of the normal heart in moderate exertion 
does not follow the Starling principle, nor 
probably the Frank principle either, but 
operates through other mechanisms, nerv- 
ous or humoral, tending to increase muscle 
contractility without increase in fiber length. 
If there are any increases at ail in filling 
pressure with increased stroke volume, these 
are very small in magnitude. 

When one comes to heavy exertion in 
normal individuals, however, the situation 
changes. It has long been recognized that in 
excessive exercise the heart dilates. Lilje- 
strand, Lysholm and Nylin’*® found that in 
heavy work the heart size increased an 
average of 12.7 per cent. But even here, 
immediately following the exercise with 
cardiac output still high, heart volume de- 
creased even below control values. Venous 
pressures in severe exercise are of course 
impossible to evaluate as indices of effective 
intracardiac filling pressures due to un- 
known changes in mean_ intrathoracic 
pressures. 

From the aforementioned one may sug- 
gest as a general proposition that a dilated 
heart, with incomplete emptying during 
systole, is a heart under strain. Such dilata- 
tion may well induce a further increase in 
stroke volume, in accordance with the 
Starling principle, but it is apparently a 
late response in cardiocirculatory effort. 


These observations lead to a consideration 
of actual cardiac failure of various types. 

Failure of Normal Heart under Continued 
Excessive Strain. A direct and uncompli- 
cated example of this situation is traumatic 
arteriovenous communication in otherwise 
normal individuals. This condition can be 
further analyzed by abruptly shutting off 
and then releasing the arteriovenous shunt. 
With a large shunt, the essential findings are 
as follows:'’ There is a marked increase in 
cardiac output and a progressive develop- 
ment, over months or years, of cardiac 
hypertrophy and dilatation. Venous and 
right auricular pressures are at the upper 
limits of normal or slightly increased; arte- 
rial diastolic pressure is low; blood volumes 
are within normal limits in most early cases 
but tend to increase in the more severe cases 
over a period of years. 

Upon abrupt closure of the shunt, heart 
rate slows; arterial diastolic pressure rises; 
right auricular pressure shows a small but 
definite decrease in one series reported!”” 
and no change in another;'” cardiac output 
is considerably decreased although still 
above normal. Holman'” has reported a 
sharp rise in both systolic and diastolic 
arterial pressures and, in cases with large, 
long-standing communications and cardiac 
enlargement, a further dilatation of the 
heart simultaneous with the blood pressure 
rise. 

It is interesting that a further change 
reported at this time’ is an increase in 
blood volume and in local blood flow in the 
limbs not involved in the shunt. This sug- 
gests a regional redistribution of blood away 
from the central reservoir coincident with 
decreased cardiac output. Large arterio- 
venous communications, untreated over 
many years, may lead to progressive cardiac 
dilatation, increased blood volume and 
marked congestive failure. 

After permanent surgical closure of the 
shunt rapid diuresis and disappearance of 
congestive failure occurs; if present, there is 
also a progressive decrease in heart size to 
normal over a period of several weeks or 
longer and a similar gradual return to nor- 
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mal of the cardiac output. There are ob- 
viously various circulatory readjustments in 
process here.? 

From the point of view of the develop- 
ment of heart failure the condition presented 
by a large arteriovenous communication is 
important in demonstrating how a sustained 
increase in cardiac output in a perfectly 
normal heart may lead first to hypertrophy 
and dilatation and eventually in some in- 
stances to frank congestive failure. 

Congestive Heart Failure: ‘“‘High Output” 
Forms. ‘There has been considerable differ- 
ence of opinion and some confusion of 
thought about this general subject which is 
certainly not surprizing. High output failure 
includes a variety of very different clinical 
entities, some of which have not been 
adequately studied. 

Leaving aside the problem of the early 
stages of development of high output failure 
about which not much is known as yet and 
considering only established congestive fail- 
ure, as for example in severe anemia, one 
finds the main accepted facts to be that the 
cardiac output is greatly increased, venous 
pressures elevated and the congestive state 
fully established. Blood volumes, as meas- 
ured by red cell dilution, have been reported 
as diminished'** but by the plasma dye 
method, which is probably more reliable, 
they are usually increased.”® 

It may well be that from the point of view 
of tissue needs this increased cardiac output 
is still inadequate,’ but this does not alter 
the greatly increased burden put upon the 
heart. Correspondingly, the heart behaves 
as a heart under strain; the ventricles fail to 
empty in systole and end diastolic pressures 
increase although the dilated heart con- 
tinues to maintain a large output. Whether 
this state of affairs, before congestion is fully 
developed, should be called the last stage of 
“compensation” or the first stage of “‘con- 
gestive failure’ is largely academic. As 
McMichael? puts it, ‘“‘anemic hearts com- 
pensated in this manner are, in fact, on the 
very brink of failure.” 

The question has in fact been raised 
whether the congestive state with large 
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cardiac output should be called heart 
failure’® at all. To this there is the answer, 
already mentioned,’ that the blood flow is 
still relatively inadequate in these cases, but 
there is also the much more cogent argu- 
ment that the congestive state is itself heart 
failure,'® a pathologic condition consisting 
of abnormal intravascular pressures rather 
than deficient intravascular flow, but with 
consequences equally severe—dyspnea, 
cough, edema, passive congestion of viscera, 
etc.—all essentially congestive pressure 
phenomena. 

Thyroid and beriberi heart disease in con- 
gestive failure are similar in mechanics to 
anemic heart failure. ‘Tissue metabolism in 
these conditions is greatly disturbed, and the 
status of the myocardium is also uncertain. 

In right-sided congestive heart failure 
that develops with the pulmonary arterial 
hypertension of cor pulmonale, high normal 
or actually increased cardiac output has 
been found”?! but the existence of this con- 
dition has also been questioned.”? Actually 
the dynamics of pulmonary heart disease 
are variable and complex!’ and patients 
are encountered with normal or low cardiac 
output as well as high. 

Nonetheless, the high output group con- 
stitute a true entity. Marked arterial anoxia 
is probably important in their causation 
although there are doubtless other factors. 
An example, studied recently by Harvey, 
Ferrer et al.,*4 illustrates a number of fea- 
tures that may be encountered in this cate- 
gory. The data are given in Table 1. 

The patient, a middle-aged woman with 
long-standing bronchial asthma, chronic 
pulmonary emphysema; cor pulmonale and 
polycythemia, was admitted to the hospital 
with extreme obstructive dyspnea and in 
marked right-sided failure. As shown in 
Table 1 there was marked arterial anoxia, 
polycythemia, hypervolemia, pulmonary 
hypertension, right-sided congestion and a 
cardiac output nearly twice the normal. 
Digoxin resulted in a small further increase 
in cardiac output, rise in pulmonary artery 
systolic pressure and fall in end diastolic 
right ventricular pressure (i.e., central 
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venous pressure)—a typical digoxin re- 
sponse in this type of case. The recovery of 
this patient, however, following use of 
bronchodilator drugs and repeated phle- 
botomy was associated with a drop in 
cardiac output to normal and marked 
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Additional evidence for this concept was 
provided by Hickam and Cargill!'* who 
found that cardiac patients actually do fail 
to increase cardiac output in exercise and 
furthermore that pulmonary arterial pres- 
sures increase further during exercise, sug- 


TABLE 1 


Patient A. D., a female, aged fifty-five. 


Diagnosis: Bronchial asthma, pulmonary emphysema, polycythemia, cor pulmonale, congestive heart failure 


Residual air—total capacity ratio = 40 per cent 
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improvement in arterial oxygen saturation. 

To explain this interesting sequence of 
events it is suggested that the combination 
of anoxia, polycythemia and hypervolemia 
was associated with overfilling of the right 
ventricle, incomplete emptying during sys- 
tole but a sustained ‘‘compensatory”’ in- 
crease in cardiac output, some increase in 
cardiac emptying with digoxin and decrease 
in venous congestion. Resolution of the 
state of congestive failure occurred following 
relief of anoxia and hypervolemia. 

Not all patients, however, respond in 
this manner. Howarth, McMichael and 
Sharpey-Schafer®® report some instances in 
which intravenous digoxin resulted in a 
decrease in cardiac output. 

Congestive Heart Failure: “Low Output’ 
Forms: Intrinsic Myocardial or Valvular Heart 
Disease. It has long been known that one 
of the earliest, if not the earliest, of the mani- 
festations of diminished cardiac reserve is 
the decrease in maximum oxygen consump- 
tion that can be achieved during exercise,”® 
and it has been supposed that this is due to 
a lack of adequate increase in cardiac out- 
put, presumably a left ventricular failure. 
This occurs in cardiac subjects apparently 
compensated and with no signs of conges- 
tive failure. 


gesting additional pulmonary congestion 
from inadequate left ventricular emptying. 

In the course of a progressively diminish- 
ing cardiac reserve, in chronic arterio- 
sclerotic or rheumatic heart disease, the 
point at which resting cardiac output falls 
below normal probably varies widely from 
patient to patient; also the point at which 
frank left-sided congestive failure or right- 
sided congestive failure makes its appear- 
ance is similarly variable. It is certainly true 
that very low cardiac outputs can exist, 
especially in the presence of cardiac ar- 
rhythmias, in patients at least partially 
ambulatory with no congestive failure at 
rest. 

Cournand, Ferrer, Harvey and Cath- 
cart?® have recently studied a series of 
arteriosclerotic or rheumatic subjects with 
enlarged hearts, but not in the congestive 
state. Pressures and cardiac outputs were 
normal. With digoxin the response was 
that of a normal heart—decrease in cardiac 
output and no change in venous pressures. 
This suggests that the heart volume in these 
patients at rest was optimal for cardiac 
performance, i.e., not overdilated. How 
much of the cardiac enlargement was hyper- 
trophy of cardiac walls and how much en- 
largement of the cardiac chambers could 
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not be determined. It is possible that with 
marked cardiac hypertrophy the physio- 
logic intraventricular volume is larger than 
with normal-sized cardiac muscular walls. 

Left Ventricular Failure. WHarvey, Ferrer 
et al.*4 have reported a series of five cases 
of left ventricular failure, the patients being 
treated with intravenous digoxin. The re- 
sults are consistent and _ striking—before 
administration of the drug cardiac output 
was very low, pulmonary artery pressures 
increased, right ventricular end diastolic 
pressures normal, blood volume normal; 
after digoxin cardiac output increased, pul- 
monary arterial pressures fell and right 
ventricular end diastolic pressures did not 
change. The effect of digoxin was thus 
apparently a primary action on the left 
ventricular myocardium, a more complete 
emptying of this chamber during systole 
resulting in an increased cardiac output and 
decreased pulmonary congestion. There was 
no evidence in these studies of a peripheral 
venodilator action of digoxin, as suggested 
by McMichael and Sharpey-Schafer.”” The 
data are comparable to some of those re- 
ported by Bloomfield et al.?® on the effects 
of ouabain, except that the latter caused a 
rise rather than a fall in pulmonary artery 
pressures. 

These data on left ventricular failure are 
of interest also from the point of view of salt 
and water balance and development of 
edema. They were patients chronically in 
failure, with very low cardiac outputs, and 
yet who exhibited no tendency to develop 
edema as the “forward failure’ hypothesis 
of cardiac edema would demand. Studies 
of the renal circulation in this type of case 
are obviously indicated and these are in 
progress. 

Combined Right and Left Ventricular Failure: 
Action of Digitalis. ‘Two series of cases have 
been reported, by McMichael and Sharpey- 
Schafer?’ and Stead, Warren and Brannon.’ 

The measurements of the circulation dur- 
ing decompensation were similar in both 
series, as were the effects of intravenously 
administered digoxin or lanatoside C. There 
was a sharp and rapid drop, within ten to 
twenty minutes, in a previously elevated 
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right auricular pressure and a large increase 
in cardiac output taking place within one 
to two hours. Arterial blood pressure tended 
to rise, but relatively less than cardiac out- 
put, so that the net result was a fall in 
peripheral resistance. Blood volumes were 
presumably initially increased in both series 
although these were not actually measured. 

In the studies of Stead et al., following 
lanatoside C, the same changes also oc- 
curred in three patients with severe anemia 
and increased initial cardiac outputs. The 
cardiac output increase was found in pa- 
tients in whom the heart rate showed no 
significant change as well as in those in 
whom it was markedly slowed. 

McMichael and Sharpey-Schafer noted 
the similarity of these effects of digoxin to 
those encountered after venesection, or 
tourniquets applied to the limbs in patients 
with congestive failure. They also found 
that right auricular pressure fell (although 
only by 1 to 2 cm. saline) in normal subjects 
given digoxin while at the same time the 
cardiac output was decreased. The same 
observations were made in patients with 
chronic pulmonary disease. They therefore 
argued that peripheral venous dilatation 
might be a primary action of digoxin. 

The present writer is inclined to hold 
to a primary myocardial action of digitalis 
because of the studies of left ventricular 
failure already mentioned and because of 
much sound pharmacologic work on the 
action of digitalis on the heart muscle. 

However, whether the response is primary 
or secondary, the fact remains that with 
increase in cardiac output associated with 
digitalization, systemic venous congestion 
diminishes: there is less blood in the central 
venous reservoir. As McMichael notes? this 
blood must go somewhere. The amount that 
could be accounted for by slight arteriolar 
dilatation is negligible. On clinical grounds 
it would seem highly unlikely that the extra 
blood goes to the lungs because one of the 
earliest manifestations after digoxin is that 
the patients can breathe much more easily 
and, of course, pulmonary arterial pressures 
decrease. The blood must withdraw, so to 
speak, into some venous depot when the 
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cardiac output is increased, perhaps into the 
muscle depots. 

The progressive changes, whether of com- 
pensation or decompensation, involving 
blood volume and total tissue fluids, con- 
stitute a further problem. 

Origin and Development of Systemic Venous 
Congestion and Edema. Both the ‘forward 
failure” hypothesis and the “backward 
failure’? hypothesis of renal dysfunction in 
congestive heart failure leading to salt and 
water retention and edema have been pre- 
sented in considerable detail in the previous 
papers of this series”*:!°'3° and need not 
be reviewed again. A few clinical consider- 
ations may, however, be mentioned. 

The association of a tendency toward 
fluid. retention in subjects with impaired 
heart action is of course axiomatic. This has 
been established quantitatively by Stead, 
Merrill and their collaborators*’® in their 
demonstration of the correlation between 
decreased renal blood flow and decreased 
cardiac output. Furthermore, excess body 
fluid with increased blood volume can by 
itself induce congestive heart failure. This 
has been encountered not infrequently in 
cases of excessive parenteral administration 
of fluids, for example in postoperative 
situations. The excess fluid and _ hyper- 
volemia of water-retention nephritis and 
the action of desoxycorticosterone probably 
cause heart failure in large part on these 
mechanical grounds although arterial hy- 
pertension is obviously another factor. The 
studies of Warren and Stead,*! in which 
administration of salt and water to previ- 
ously compensated cardiac patients with 
development of edema before any venous 
pressure elevation occurred, offer further 
evidence for the forward failure hypothesis 
of edema formation. 

This hypothesis, however, does not appear 
to be adequate as the sole explanation for 
fluid retention in congestive heart failure. 
It does not explain why patients with low 
cardiac output with strictly left ventricular 
failure or those with low cardiac output with 
no congestion do not retain fluid. It does 
not explain why diuresis may take place in 


recovery from congestive failure, with no 
increase in renal blood flow or in glomeru- 
lar filtration rate.*° 

The venous congestion, or backward 
failure hypothesis, as a mechanism of fluid 
retention and edema in congestive heart 
failure is also valid. That such venous con- 
gestion can occur with the failing heart and 
can be sustained has already been shown. 
The key to this as a means of water retention 
has been provided by the experiments of 
Blake, Wégria, Keating and Ward,*? show- 
ing that increased renal vein pressure above 
150 mm. saline results in increased tubular 
sodium and water reabsorption. This would 
provide an explanation for salt and water 
retention secondary to venous congestion. 

A clinical study demonstrating a primary 
rise in venous pressure, with developing 
failure, is that of Reischman and Grant** in 
which withholding of digitalis from pre- 
viously compensated patients resulted in 
rise of venous pressure, presumably from 
inadequate cardiac emptying, before the 
appearance of weight gain. 

It is, of course, true that high venous pres- 
sures Can exist, as in constrictive pericarditis 
and other mechanical obstructive conditions, 
without development of salt and water 
retention and general edema. 

In the present state of knowledge it would 
seem, as Bradley and Blake have con- 
cluded*® that both alterations in renal 
plasma flow and glomerular filtration and 
alterations in tubular function may operate 
in the production of cardiac edema. There 
may well be other factors, too. 

Consequences of Congestive Heart Failure on 
Peripheral Functions, Pulmonary, Visceral, Etc. 
These have been well covered by Paine and 
Smith" in their review and by McMichael? 
and need no further emphasis. 


CONCLUSIONS 


Much has been added to the knowledge 
of congestive heart failure in recent years, 
particularly through the measurements of 
renal function and the measurements made 
possible by cardiac catheterization. 

One of the basic phenomena of congestive 
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heart failure appears to be inadequate ven- 
tricular emptying during systole. The Star- 
ling principle, whether or not it applies to 
the normal heart, does apply to the heart 
approaching and in failure. At an early 
stage it is probable that increased ventricu- 
lar dilatation during systole results in an 
increased systolic output, the cardiac output 
thus being maintained to satisfy ‘“‘tissue 
needs.”* Even an increased ventricular dias- 
tolic pressure (also requiring increased 
venous pressure) at times may be a favorable 
compensation, maintaining cardiac output, 
as in some cases of anemia. 

Such compensation, however, eventually 
becomes excessive, and the overdilated ven- 
tricle passes into the end stage in the Starling 
curve, with decreased stroke volume and 
decreasing cardiac output. 

The argument is presented that the con- 
gestive state as such is a form of heart 
failure, being failure in terms of intravascu- 
lar and intracardial pressure rather than 
in terms of blood flow. 

The manner of development and mainte- 
nance of the congestive state is variously 
explained. In left ventricular failure it is 
probably correct to assume simply that 
pulmonary congestion is caused in the first 
instance by failure of emptying of the left 
ventricle accompanied by adequate systolic 
output by the right ventricle. 

In those forms of incipient failure in which 
salt and water retention occur early, in 
accordance with the forward failure hy- 
pothesis of Stead and Merrill, right-sided 
congestion develops secondary to increased 
blood volume. On the other hand, in the 
cases in which inadequate right ventricular 
emptying occurs first, with increased dias- 
tolic and venous pressures secondary to this, 
the congestion appears before the hyper- 
volemia. There is still another group in 
which cardiac output is low and yet no 
increase in venous pressure or general con- 
gestion is found. Just why the congestive 
state does develop in one group and not in 
another is not wholly clear. In most in- 
stances anything that can be done to pre- 
vent blood from accumulating in venous 
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reservoirs under high pressure is of advan- 
tage to tissues and circulation alike. 
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Clinico-pathologic Conference 


Rheumatic Heart Disease with Respiratory 


Failure’ 


BRE a reports, edited by Robert J. Glaser, M.p. and David E. Smith, Jr., m.p., 

of weekly clinicopathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School 
of Medicine and by Junior and Senior medical students. 


HE patient, N. M., (B. H. No. 

163110), was a sixteen year old, 

white school girl who entered the 
emergency room of the Barnes Hospital on 
September 3, 1948, complaining of short- 
ness of breath, fever and general malaise. 
The family history was non-contributory. 
The patient was born with a left spastic 
hemiplegia, presumably due to birth injury, 
but considerable function returned on the 
involved side during her lifetime. She 
apparently had had no significant illness 
other than that which ultimately led to her 
admission; no history of any operations was 
obtained. 

At the age of eight the patient had chorea. 
The episode lasted about six months, and 
during the next three years there were 
several recurrences, each of which appeared 
during the winter months. At the time of 
the last bout of chorea Fo patient was 
admitted to the St. Louis Children’s Hos- 
pital where her mother was told that the 
child had rheumatic heart disease. Follow- 
ing discharge she remained well, except for 
slight shortness of breath on exertion, until 
eight months before admission when she 
developed a chill which was followed by 
fever and cough. She was seen by a private 
physician and a diagnosis of ‘“‘flu’ was 
made. Although the acute episode lasted 
but a short time, the patient never regained 
her previous state of good health. Weakness, 
low grade fever, moderate dyspnea on 
exertion, intermittent aching of the shoulder 


and ankle joints without demonstrable 
signs of inflammation and pain in the 
muscles occurred to such a degree that the 
patient was forced to remain home from 
school. She was confined to bed, however, 
for only a small portion of the total time 
that she was ill. 

Three months before entry dyspnea in- 
creased and the patient was given 0.1 mg. 
of digoxin daily, with some resultant im- 
provement. I'wo months prior to admission 
she developed night sweats, and some weeks 
later a mild cough productive of a small 
amount of white mucoid sputum began; 
concomitantly, the dyspnea grew worse. 

Five days before entry the patient had 
a mild chill, felt feverish, became nauseated 
and vomited several times. She then appar- 
ently felt moderately well until thirty-six 
hours before entry when she had another 
chill. Twenty-four hours before admission 
she became extremely short of breath and 
complained of rapid pounding of heart. 
That night she was forced to sit up in bed 
in order to breathe. Her temperature was 
103°r. and she was seen by her physician 
who prescribed penicillin. She complained 
of sharp pain in the right chest on deep 
inspiration, and nausea and vomiting re- 
curred. In addition to digoxin she had 
apparently received considerable amounts 
of salicylates until three weeks before her 
entry to the Barnes Hospital. 

At the time of admission her temperature 
was 39.7°c., pulse 128, respirations 36 and 


* From the Departments of Internal Medicine and Pathology, Washington University School of Medicine and the 
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blood pressure 110,70. The patient was a 
thin, pale girl who was mildly orthopneic. 
Respirations were rapid and shallow. The 
skin was hot and dry, but no petechiae were 
seen and there was no apparent cyanosis. A 
few slightly tender lymph nodes were 
present in the anterior cervical, axillary 
and inguinal regions. These measured 14 
to 2 cm. in diameter. The pupils reacted 
normally to light and accommodation and 
the optic fundi were normal. Examination 
of the upper respiratory tract showed mild 
reddening of the pharynx but no other 
significant findings. Several teeth were 
carious. The neck veins were not distended 
and the thyroid gland was not enlarged. 
Examination of the lungs revealed them to 
be resonant to percussion. A few moist rales 
were present at the right base. Examination 
of the heart revealed that the left border 
dullness extended 9 cm. to the left of the 
mid-sternal line in the fifth interspace. 
The apex beat was strong and diffuse; a 
thrill was palpable but because of the 
extremely rapid rate it could not be timed. 
The rhythm was regular except for an 
occasional extrasystole. A loud, harsh, 
grade Iv systolic murmur was heard at the 
apex and was transmitted toward the ster- 
num. It faded, however, toward the base. 
There was a low pitched rumble at the apex 
which could not be accurately timed but 
which was presumed to be diastolic. A 
blowing grade 11 systolic murmur was heard 
over the pulmonic area. The pulmonic 
second sound was accentuated. The ab- 
domen was soft and flat. The liver edge 
was felt 1 to 2 cm. below the right costal 
margin and was somewhat tender. The 
splenic tip was palpable at the costal 
margin and was soft but quite tender. No 
costovertebral angle tenderness was elicited. 
There was slight weakness and spasticity 
of the left arm and leg, both of which were 
smaller than the corresponding extremities 
on the right. ‘The deep tendon reflexes were 
hyperactive on the left and a questionable 
Babinski sign was present on that side. 
There was no edema or evidence of joint 
inflammation. 


The laboratory findings were as follows: 
Blood count: red cells, 4,200,000; hemo- 
globin, 12 Gm. per cent; white cells, 20,800; 
differential count: stab forms, 19 per cent; 
segmented forms, 63 per cent; monocytes, 
18 per cent. Urinalysis: specific gravity, 
1.029; albumin, 3+; sugar, negative; cen- 
trifuged sediment, several granular casts, 
10 to 15 white cells and 1 to 2 red cells per 
high power field; acetone, 1+; urine 
culture, no growth. Stool: not obtained. 
Blood Kahn test: negative. Blood cultures: 
negative. Throat culture: non-hemolytic 
Staphylococcus albus, non-hemolytic strep- 
tococci. Blood chemistry: non-protein nitro- 
gen, 36 mg. per cent; total protein, 5.6 Gm. 
per cent; albumin, 3.3 Gm. per cent; 
globulin, 2.3 Gm. per cent; chloride, 102 
mEq./L.; cephalin-cholesterol flocculation 
test, 1+; thymol turbidity test, 5 units; 
venous pressure, 150 mm. of saline; circula- 
tion time (decholin), 18 seconds. Electro- 
cardiogram: right axis deviation and sinus 
tachycardia; abnormal 'T waves suggestive 
of auricular enlargement. 

On admission to the ward the patient was 
given oxygen by nasal tube, large doses of 
penicillin and 0.2 mg. of digitoxin daily. 
On the evening of the first hospital day a 
distinct diastolic murmur was heard at the 
mitral area. The patient’s condition was 
unchanged; rales persisted at the right base 
and distant wheezing with prolonged ex- 
piration was audible over both lung fields. 
The patient did not produce any sputum. 
On the following morning her temperature 
was 38°c., pulse rate 90 and respirations 
36 per minute. Inspiratory musical rales 
were heard over the lower half of both lung 
fields and a few crepitant rales were also 
present. Dyspnea was mild and the patient 
seemed considerably improved. Later that 
day, however, dyspnea increased. Intra- 
venous aminophylline was injected without 
beneficial effect, and 0.4 mg. of lanatoside 
C was given intravenously. Oxygen was 
administered with a positive pressure mask. 
Several hours later the patient was again 
distinctly improved and felt apparently 
quite well for about one hour. Her temper- 
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ature then rose to 40.5°c., her pulse rate to 
152 and respirations to 50 per minute. 
Moist crepitant rales and coarse ronchi were 
heard throughout both lung fields. Tourni- 
quets were applied. Her respirations became 
more rapid and full-blown pulmonary ed- 
ema developed. She died shortly thereafter. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: I shall ask 
Dr. Grunow to present the x-ray findings at 
this time. 

Dr. Orro H. W. Grunow: A chest film 
taken on the day after the patient was 
admitted to the hospital showed that the 
heart was globular in contour and somewhat 
enlarged both to the right and to the left. 
The aortic arch was inconspicuous. The 
right auricle was prominent. The left 
border was rather convex and thus con- 
sistent with the diagnosis of mitral valvular 
disease. The hilar shadows were increased 
in density and there was increased promi- 
nence of markings extending into the 
parenchyma of the lungs, particularly on 
the right. The soft hazy infiltration was 
thought to be compatible with an acute 
infectious process; the costophrenic angles 
were clear. 

Dr. ALEXANDER: This case presents a 
most interesting problem, and we shall 
attempt to identify the etiology of the 
febrile illness which led to this child’s death. 
This patient had chorea on at least three 
separate occasions, and during the third 
episode was seen at the Children’s Hospital 
at that time her mother was told that the 
child had rheumatic heart disease. Pre- 
sumably then, although none of the other 
signs of acute rheumatic disease such as 
arthritis or carditis had been manifest, she 
did develop heart disease by the age of 
eleven. Dr. Smith, will you discuss the 
relationship between chorea and rheumatic 
fever? 

Dr. Joun R. Smiru: It has long been 
known that chorea is the most common 
manifestation of rheumatic involvement of 
the central nervous system and not in- 
frequently, as was the case here, chorea may 
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occur in the absence of any other symptoms 
or signs of acute rheumatic fever. In some 
children chorea is not followed by any 
permanent cardiac damage whatsoever. I 
think there is no question, however, that in 
many cases rheumatic heart disease de- 
velops as a sequel to chorea. 

Dr. ALEXANDER: It is often stated in the 
literature that chorea is much less apt to be 
followed by permanent valvular damage 
than is acute rheumatic fever with poly- 
arthritis. I take it that you do not agree 
with that statement, Dr. Smith? 

Dr. Situ: No, I do not. 

Dr. Epwarp Massie: I believe, as Dr. 
Smith does, that chorea is very often 
followed by rheumatic heart disease, proba- 
bly almost as often as is classical poly- 
arthritic rheumatic fever. It should be 
pointed out that chorea is more frequent in 
females than males, the ratio often being 
given as approximately three to one. 

Dr. ALEXANDER: Dr. O’Leary, this pa- 
tient’s last episode of chorea occurred at 
least five years before her death. Do you 
believe that any demonstrable lesions will 
be found in the brain? 

Dr. James L. O’LEary: The situation 
here is rather complicated since the patient 
had a left spastic hemiplegia at birth. On 
that basis one would expect a reduction in 
the size of the right internal capsule, 
probably some diminution in size of the 
basal ganglia and, as a matter of fact, the 
entire right hemisphere may be smaller 
than the left. I doubt that specific choreic 
lesions would be present five years after 
the last bout, but it is conceivable that they 
might be demonstrated. 

Dr. ALEXANDER: Are the lesions of chorea 
specific? 

Dr. O’LgEAry: They are said to be 
pathologically similar in nature to Aschoff 
nodules. There is some controversy among 
neuropathologists, however, as to the speci- 
ficity of the lesion described in chorea. 

Dr. ALEXANDER: This patient was appar- 
ently well for a number of years before her 
final illness. Although she became ill 
approximately eight months before entry, 
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the acute terminal episode began only a 
few days before admission and was char- 
acterized by high fever and severe respira- 
tory symptoms. Dr. Glaser, how do you 
interpret her clinical course during the last 
few months of life? 

Dr. Rospert J. GLAseR: It seems quite 
clear that this girl had rheumatic heart 
disease. Further information in regard to 
the findings during her last few months of 
life would be most helpful in enabling us to 
evaluate her course. For example, if we 
knew how advanced her cardiac disease was 
the relative importance of cardiac failure 
could be better estimated. Many of her 
symptoms prior to entry were suggestive of 
congestive failure. I think, however, that 
this patient probably developed acute 
rheumatic fever—a not unusual occurrence 
in such a patient as this one—and further- 
more, that she not only had carditis but 
also rheumatic pulmonary involvement. 
Although rheumatic pneumonitis is not 
especially common, it seems to be a well 
described entity. 

Dr. ALEXANDER: In other words, you 
believe that this was a ‘‘smoldering”’ 
rheumatic process which became acute and 
severe toward the last few days of her life. 
Are there any other comments? 

Dr. THomas H. Hunter: I think that 
Dr. Glaser’s suggestion merits strong con- 
sideration, but one of the other possibilities 
which must be ruled out is that this patient 
developed subacute bacterial endocarditis 
eight months before her demise. There are 
certain features which are compatible with 
that diagnosis. We are told that she received 
salicylates for a three-week period, and we 
also know that she received some penicillin. 
Although the dosage of salicylates given her 
is not known, she apparently made no 
response to them. It is, of course, true that 
patients with acute rheumatic fever do not 
always respond to salicylates but, on the 
other hand, it is conceivable that the lack 
of response indicated that some other process 
such as subacute bacterial endocarditis may 
have been responsible for the illness. The 
failure to respond well to penicillin does not 
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constitute strong evidence against the diag- 
nosis of subacute bacterial endocarditis 
since she probably did not receive adequate 
amounts of the antibiotic. Against the 
diagnosis, however, is the absence of obvious 
embolic phenomena, unless the few red 
cells in the urine are accepted as evidence 
of embolization. On the other hand, she had 
definite renal dysfunction as indicated by 
the elevated non-protein nitrogen; although 
azotemia may have arisen on another basis, 
it is well known that long-standing bacterial 
endocarditis may lead to significant renal 
damage. Most patients who have had 
bacterial endocarditis for eight months 
would have more marked anemia than did 
this patient. 

Dr. ALEXANDER: It should be mentioned 
that the patient’s spleen was described as 
tender; that observation is consistent with 
the diagnosis of bacterial endocarditis. 

Dr. GLAsER: How many blood cultures 
were obtained? 

Dr. Ernest T. Rouse: Two were taken 
and both were negative. 

Dr. ALEXANDER: Are there other diag- 
noses to be suggested, or shall we consider 
only the two proposed by Drs. Glaser 
and Hunter? 

Dr. W. Barry Woon, Jr.: I should like 
to ask Dr. Grunow if the findings in the 
chest film were compatible with Lutem- 
bacher’s syndrome which is characterized 
by patent foramen ovale and _ mitral 
stenosis. It comes to my mind in view of the 
fact that the x-ray findings suggested a 
large right auricle and a small aorta. ‘There 
is no statement as to whether the patient 
had been fluoroscoped, but fluoroscopy in 
Lutembacher’s syndrome often reveals the 
so-called ‘“‘hilar dance.” 

Dr. Grunow: We had only a postero- 
anterior film of the chest, and the findings 
were entirely in keeping with rheumatic 
valvular disease. I cannot rule out Lutem- 
bacher’s syndrome. 

Dr. ALEXANDER: Dr. Goldman, would 
you comment on rheumatic pleurisy and 
rheumatic pneumonitis? 

Dr. ALFRED GOLDMAN: Rheumatic pleu- 
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risy is a well accepted manifestation of 
acute rheumatic fever. I think there is 
perhaps a bit more controversy in regard 
to rheumatic pneumonitis since some pa- 
thologists apparently are unwilling to accept 
that diagnosis without qualification. There 
are many descriptions in the literature of 
forms of pneumonitis occurring in associa- 
tion with acute rheumatic fever. These vary 
from lesions in the pulmonary arteries to 
actual interstitial inflammation in the 
alveoli. Some of the findings such as edema 
may be seen in heart failure per se, hence the 
pathologic picture is not always as clearcut 
as might be desired. I do not believe that 
Aschoff bodies are actually found fre- 
quently in association with acute pneu- 
monitis but they have been described and 
constitute strong evidence for the entity of 
rheumatic pneumonia. 

Dr. Woop: A recent paper in the Annals 
of Internal Medicine from the New Haven 
Hospital described six cases of rheumatic 
pneumonia which occurred in a series of 
one hundred patients with acute rheumatic 
fever.' All six of the patients so affected 
died. The lesions were described in great 
detail by the pathologists, and I think the 
most important factor clinically was that the 
patients all exhibited severe dyspnea and 
signs of pulmonary involvement without 
much evidence of congestive heart failure. 
All had pulmonary involvement at post- 
mortem examination. I think that the case 
under discussion today is entirely in keeping 
with this report, and I agree with Dr. Glaser 
and Dr. Goldman that the patient probably 
had acute rheumatic pneumonitis. 

Dr. Massie: This girl had at least two 
chills and perhaps a third one. I think that 
finding is described in rheumatic pneu- 
monia. In acute rheumatic fever without 
pulmonary involvement severe chills are 
certainly uncommon. In the absence of any 
evidence of pulmonary involvement the 
chills would be quite suggestive of subacute 
bacterial endocarditis but in view of the 


1SeLpIn, D. W., Kapian, H. S. and Buntinc, H. 
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evidence of pneumonia they do not help to 
differentiate between the two diagnoses. 

Dr. Woon: Actually many patients with 
rheumatic heart disease develop secondary 
bacterial pneumonia as a complication of 
congestive heart failure, and it is this fact 
which makes many pathologists reluctant to 
recognize rheumatic pneumonia as an 
entity. The question always arises as to 
whether the pneumonia is secondary to 
heart failure or is a manifestation of rheu- 
matic fever per se. ‘The pneumonic lesions 
ascribed to rheumatic fever in the article 
to which I referred seem convincing; 
further, Dr. Arnold Rich has shown that 
experimental lesions very similar to those 
seen in patients with rheumatic pneumonia 
may arise on the basis of hypersensitivity.” 

Dr. ALEXANDER: Dr. Massie, what car- 
diac lesions do you believe will be present? 

Dr. Massie: The answer to your question 
would be much simpler were this rheumatic 
heart disease without acute rheumatic 
fever. It seems likely that the patient had 
mitral insufficiency and mitral stenosis. It 
is well known, however, that in acute 
rheumatic fever with rheumatic carditis, 
murmurs may appear and disappear in 
relatively short periods of time; thus the 
presence of a murmur during acute rheu- 
matic carditis does not necessarily indicate 
significant permanent valvular damage. 
Nonetheless, I think that this patient will 
have mitral stenosis and insufficiency. 

Dr. ALEXANDER: Do you believe that the 
patient had cardiac failure? 

Dr. Massie: I am not at all sure that she 
did; as a matter of fact I favor rheumatic 
carditis, without failure, and rheumatic 
pneumonitis as the explanation of the final 
illness. 

Dr. ALEXANDER: This patient had marked 
dyspnea on the night before she came into 
the hospital and had had some before that. 
Yet at no time did she have cyanosis or 


2 RicH, ARNOLD R. and Grecory, JoHNn E. Experi- 
mental anaphylactic lesions of the coronary arteries of 
the ‘‘sclerotic’’ type, commonly associated with rheu- 
matic fever and disseminated lupus erythematosus. 
Bull. Johns Hopkins Hosp., 81: 312, 1947. 
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edema and the circulation time and venous 
pressure were normal. The neck veins were 
not distended. On the basis of those findings 
it is rather difficult to make a diagnosis of 
heart failure, and acute rheumatic carditis 
may well explain most of her signs and 
symptoms. If this patient had had rheumatic 
carditis without pneumonitis, what would 
you have said of her prognosis, Dr. Massie? 

Dr. Massie: The prognosis of acute 
fulminating rheumatic fever is bad, par- 
ticularly when there is marked evidence 
of carditis. I must repeat that I was im- 
pressed by the fact that she had several 
chills for they suggest to me pulmonary 
involvement. At the House of the Good 
Samaritan in Boston I saw a number of 
young children die with fulminating acute 
rheumatic fever. Many of these children 
had very impressive cardiac findings and 
high fever but no evidence of bacterial 
invasion of the lungs or blood stream. 

Dr. GLASER: Even if this patient did have 
some degree of heart failure her lack of 
response to the usual measures would have 
been quite characteristic of a patient with 
acute rheumatic carditis for it is well known 
that such patients do not respond to the 
therapeutic agents which are very effective 
in heart failure due to uncomplicated 
rheumatic heart disease. 

Dr. ALEXANDER: Are patients in this age 
group likely to die of acute carditis if they 
do not have severe underlying valvular 
disease? 

Dr. Massie: The presence of chronic 
valvular disease has a deleterious influence 
in the prognosis of acute carditis. I doubt, 
however, that this girl had severe mitral 
stenosis. 

Dr. Woop: In the cases which were 
reported from New Haven all of the 
patients with rheumatic pneumonitis also 
had acute rheumatic carditis and almost 
all of them terminally had some degree of 
heart failure. Apparently the combination 
of myocardial and pulmonary involvement 
led to a fatal outcome. 

Dr. AxEL R. Gronau: How frequently 
does one see acute, severe rheumatic 
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carditis without abnormalities in the 
electrocardiogram? 

Dr. Massie: I believe the tracing in this 
case was definitely abnormal in that the T 
waves were very high and broad, suggesting 
auricular wall involvement. There was also 
marked right axis deviation. Some right 
axis deviation is not unusual at the age of 
sixteen but in this patient the degree was 
rather marked. Dr. Gronau probably was 
more interested in conduction defects, but 
none was seen here. 

Dr. G. Harrorp: Did this patient 
receive penicillin after her admission? 

Dr. Rouse: Two blood cultures were 
taken as soon as she reached the ward, and 
then penicillin therapy was begun in large 
dosage. 

Dr. ALEXANDER: In summary, I believe 
that we feel that this patient had acute 
rheumatic fever with acute carditis and 
probably acute rheumatic pneumonitis as 
well. Further, she had rheumatic heart 
disease with mitral stenosis and _ insuffi- 
ciency, and she may have had subacute 
bacterial endocarditis. 

Dr. Woop: Dr. Alexander, do you think 
that this patient had subacute bacterial 
endocarditis? 

Dr. ALEXANDER: No, I do not. Do you 
still think so, Dr. Hunter? 

Dr. Hunter: No, I do not really think 
so, but I don’t see how it can be definitely 
ruled out. 

Clinical Diagnoses: Acute rheumatic fever 
with carditis and pneumonitis; ? subacute 
bacterial endocarditis. 


PATHOLOGIC DISCUSSION 


Dr. CLARENCE PickARD: When the chest 
was opened, the pericardial sac was found 
to contain 40 cc. of clear yellow fluid. The 
heart was enlarged, weighing 340 Gm. in 
contrast to the 180 to 200 Gm. which would 
be normal for the body weight of this 
patient. Dilatation and hypertrophy were 
especially advanced in the right ventricle 
and in the left atrium. The myocardium of 
the right ventricle measured 6 mm. in 
thickness. On the surface of the right atrium 
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there was a deposit of fibrin 5 cm. in 
diameter. There was fibrous thickening of 
the endocardium of the left atrium, the 
mitral valve and the endocardium of the 
left ventricle. The tricuspid valve was 
thickened moderately and on the free edge 
of one of its leaflets there was a clump of 
light tan, translucent verrucae 14 to 2 mm. 
in diameter. The endocardium of the right 
atrium was slightly thickened. The mitral 
valve was thickened and fibrotic, and the 
normal indentations of the commissures of 
the leaflets were moderately obliterated by 
fibrous scar tissue. Although the ring 
measured 75 mm. in circumference, the 
opening through the valve leaflets was 
much smaller. A few small fresh verrucae 
were present on the edges of the mitral valve 
leaflets. ‘The aortic and pulmonic valves 
were normal. The myocardium, aside from 
the hypertrophy, appeared grossly normal. 

There were 200 cc. of clear yellow fluid 
in each pleural space, and a few fibrous 
adhesions were noted over the upper and 
lower lobes of the right lung. Small deposits 
of fibrin were present on the pleural 
surfaces of each lobe. The lungs were large, 
firm and of a uniform, rubbery consistency. 
From their cut surfaces red foamy fluid 
oozed but there was no profuse bleed- 
ing. No focus of bronchopneumonia was 
apparent. 

The other viscera examined were not 
grossly remarkable. 

Dr. GusTAvE J. DAmmin: From the gross 
findings several diagnoses were made. The 
first was that of rheumatic heart disease as 
evidenced by chronic endocarditis involving 
the mitral valve with a moderate degree 
of stenosis. In addition, there were several 
verrucae on the mitral valve as well as on 
the tricuspid valve; these indicated an 
acute, or at least a subacute, rheumatic 
process. There was fibrinous pericarditis, 
enlargement of the heart and widespread 
endocardial thickening, all of which afforded 
further evidence of chronic and acute 
involvement of the heart by rheumatic 
fever. 

The second diagnosis concerned the 
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pulmonary involvement. The lungs ex- 
hibited the manifestations of pulmonary 
edema, but the gross appearance of the 
lungs was sufficiently different from that of 
ordinary pulmonary edema to suggest that 
this was an instance of rheumatic pneu- 
monia, and that diagnosis was made on the 
basis of the gross specimen. It is difficult to 
define the gross characteristics of rheumatic 
pneumonitis and to differentiate it from the 
changes of subacute passive congestion. In 
this specimen the interstitial tissue was 
thickened, there was some fluid in the 
alveoli and the light color was more sug- 
gestive of pneumonia than is the darker 
color which one associates with chronic 
passive congestion. There also was fibrinous 
pleurisy and in each pleural cavity fluid 
was present. 

The first section (Fig. 1) is from the 
myocardium at the base of the left ventricle 
and shows an Aschoff nodule which has the 
fusiform shape associated with such nodules 
at the end of one or two months. Some of 
the cells within the nodule have very dense 
nucleoli and can be identified as Anitschkow 
cells. An outstanding and characteristic 
feature of these cells is the basophilic, rod- 
shaped nucleus which extends the entire 
length of the cell; the Anitschkow myocyte 
is the reticulum cell of the myocardium. It 
is believed by many that Anitschkow cells 
are the precursers of the Aschoff cells which 
form rheumatic nodules in the myocardium. 

Figure 2 is a photograph of a portion of 
the tricuspid valve. There is prominent 
vegetation, the outer surface of which is 
composed entirely of fibrin; a few fibro- 
blasts are present at the base of the vegeta- 
tion. These features constitute evidence of 
acute verrucous endocarditis of rheumatic 
origin. Just beneath the vegetation the valve 
structure is acellular and fibrous, indicating 
a chronic inflammatory process in the valve. 
In the base of the mitral valve (Fig. 3) 
there is an abnormal number of large 
vessels which indicate previous inflam- 
matory involvement; the valve has been 
thickened by a large amount of hyalinized 
collagen. 
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Fic. 1. Aschoff nodule of one to two months in age in the myocardium at the base of the left ventricle. 
Fic. 2. Acute verruca on the scarred leaflet of the tricuspid valve. 
Fic. 3. Dense collagenous scarring and thickening of a leaflet of the mitral valve with prominent vasculariza- 


tion, particularly on the right side of the field. 


Fic. 4. Intimal thickening of rheumatic arteritis in a small pulmonary vessel. 


In sections of the lungs there were 
anatomic changes, the appearance of which 
did not permit exact separation on an 
etiologic basis. Some of the smaller arteries 
of the lungs were thickened, primarily in 
the media, as occurs in pulmonary hyper- 
tension. Other vessels showed the change 
illustrated in Figure 4—proliferation of the 
intima without change in the media. This 
change is one of the more characteristic 
ones found when there is rheumatic involve- 
ment of the arteries, regardless of their 
location. It has been described in the 
vessels of the liver, pancreas, heart and 
lungs. In this section macrophages are also 
seen. Although it is not apparent in the 
photomicrograph many of the macrophages 
contain large amounts of hemosiderin, 
evidence of some degree of chronic passive 
congestion. There is also some interstitial 
thickening and increased cellularity of the 
alveolar walls. These features are more 


apparent in a less highly magnified photo- 
micrograph of the lung (Fig. 5) where there 
is shown infiltration of both polymorpho- 
nuclear and mononuclear cells in_ the 
alveolar walls; fibrin is also seen in and 
along the walls of some of the alveoli. In the 
fibrin there are a few polymorphonuclear 
leukocytes. ‘These findings are indicative of 
rheumatic pneumonia. We did not find 
the great number of hyaline thrombi which 
are commonly associated with rheumatic 
pneumonia, nor did we see any foci in the 
alveolar walls of specific fibrinoid nodules 
which are described in this disease. There 
were, however, many hemorrhages into 
the alveoli, a common finding in rheumatic 
pneumonia. The total picture was inter- 
preted as representing the changes of both 
chronic passive congestion and of acute 
rheumatic pneumonitis. 

Microscopic examination of the liver 
revealed a lesion which was entirely un- 
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Fic. 5. Thickened and infiltrated alveolar walls and precipitated protein, fibrin and macrophages within the 
alveoli. The varied character of these changes indicates the combined effect of both congestion and rheumatic 


pneumonitis. 


Fic. 6. Section of the liver showing mid- one necrosis. 


expected from the gross appearance of the 
organ. In almost every hepatic lobule there 
was an area of necrosis, most often found in 
the mid-zone of the lobule. This finding is 
illustrated in Figure 6. Such necrosis is not 
the type that occurs usually with acute 
passive congestion for it was removed from 
the portal and central veins. In fact, the 
congestion of the abdominal viscera was 
minimal. There are few references to 
changes in the liver in rheumatic fever. In 
May Wilson’s monograph on rheumatic 
fever, however, she refers to similar mid- 
zone necrosis which she noted in a very few 
of her cases.* 

To summarize our findings then, there 
were the manifestations of chronic rheu- 
matic endocarditis with involvement of the 
endocardium and the myocardium, and of 
acute rheumatic carditis with involvement 
of the valves, the presence of Aschoff nodules 
in the myocardium and the presence of 
fibrinous exudate and fluid in the pleural 
cavities. 

There definitely were two distinct proc- 
esses in the lungs, and the degree to which 
each change contributed to the final picture 
cannot be accurately determined. Chronic 
passive congestion of the lungs was present 
although the terminal heart failure was 


3 Witson, M. G. Rheumatic Fever. New York, 1940. 
Commonwealth Fund. 


JUNE, 1949 


primarily that of the left heart; there was no 
fluid in the peritoneal cavity nor did any 
of the abdominal viscera show a significant 
degree of passive congestion. The passive 
congestion in the lungs was probably of 
short duration, but there was also pneu- 
monitis characterized by the presence of 
fibrin in the alveoli and interstitial infiltra- 
tion of the alveolar walls by mononuclear 
and polynuclear cells. ‘The vessels in the 
lungs showed changes which were com- 
patible both with pulmonary hypertension 
of some standing and with rheumatic 
arteritis. Actually the rheumatic arteritis 
was healed for the change was primarily that 
of intimal thickening in the smaller arteries. 

The changes in the liver were rather 
unusual; as indicated there is only one 
reference in the literature to such changes. 
It is interesting that the thymol turbidity 
and the cephalin-cholesterol tests were 
normal. 

The brain was not examined. 

Anatomic Diagnoses: Chronic endocarditis 
of the mitral valve with moderate stenosis; 
acute verrucous endocarditis of the mitral 
and tricuspid valves; chronic and subacute 
rheumatic myocarditis; chronic passive con- 
gestion and edema of the lungs, moderate; 
acute interstitial pneumonitis involving all 
lobes of the lungs; focal necroses in the liver, 
primarily mid-zonal. 
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Case Reports 


Gastric Alkalosis with Hypokalemia’ 


Tuomas J. KENNEDY, JR., M.D., JOHN H. WINKLEy, M.D. and MARCELLE F. DUNNING, M.D. 
New York, New York 


LKALOSIS caused either by loss of 
gastrointestinal secretions or by 
excessive intake of alkali occurs 

frequently and the outstanding clinical and 
laboratory features of the syndrome have 
been thoroughly described.*~'* Within the 
last few years reduction of the serum potas- 
sium concentration has been observed as an 
occasional feature of alkalosis in some cases 
due to Cushing’s syndrome,'*?° congenital 
alkalosis with diarrhea”! and gastric alka- 
losis.2*? In most of these instances the 
electrolyte composition of serum is abnor- 
mal in that the (K”) and (CI~) are reduced 
while the (HCO; ) is elevated. 

The major portion of the potassium con- 
tent of the body is contained not in the 
extracellular but in the intracellular fluid, 
about 70 per cent of which is muscle fluid. 
In each of the aforementioned clinical 
syndromes evidence indicating loss of intra- 
cellular potassium has been presented. 
Muscle cells in one case of Cushing’s 
syndrome with alkalosis** and in two cases 
of gastric alkalosis?* have been shown to 
contain abnormally low concentrations of 
potassium and abnormally high concentra- 
tions of sodium. Balance studies?®?!:2%-?°6 
have indicated that in the intracellular 
fluid (K*) was low and that potassium was 
replaced by sodium. 

Potassium depletion in the rat, produced 
experimentally by low potassium diets (cf. 
congenital alkalosis with diarrhea and 
gastric alkalosis) and/or administration of 
large doses of desoxycorticosterone acetate 
(cf. Cushing’s syndrome), has resulted in the 


development of an electrolyte disturbance 
characterized by alkalosis, elevation of 
serum (HCQO;-), reduction of serum and 
muscle (K*) and elevation of muscle 
(Nat).27 

The therapeutic implications of these 
disturbances in electrolye composition of 
body fluids are important. In congenital 
alkalosis with diarrhea*® and in Cushing’s 
syndrome with hypokalemia alka- 
losis'*?° use of potassium salts has been 
shown to be beneficial. The observation has 
been made that repair of the disturbance is 
not possible by administration of sodium or 
ammonium salts unless potassium salts are 
also employed. 

The case herein reported is one of gastric 
alkalosis in an adult with evidence of potas- 
sium deficiency treated successfully with 
potassium chloride in addition to sodium 
and ammonium chloride. 


CASE REPORT 


A forty-nine year old white male cabinet 
worker was admitted to this hospital with the 
chief complaints of weakness, anorexia, diar- 
rhea, weight loss and swelling of the extremities. 
Fourteen years before admission a _ posterior 
gastroenterostomy had been performed for 
epigastric pain. He was asymptomatic there- 
after until seven months before admission when 
the symptoms which brought him to the hospital 
appeared and became progressively worse. 
Work-up_ revealed clinical and _ laboratory 
evidence of malnutrition; a gastrojejunocolic 
fistula was demonstrated roentgenographically. 
Every effort was made to improve the patient’s 
nutritional status preoperatively. His diarrhea 


* From the First (Columbia) and Third (New York University) Research Services and the Third (New York 
University) Surgical Division, Goldwater Memorial Hospital, New York, N. Y. and The Department of Medicine, 
College of Physicians and Surgeons, Columbia University and the Departments of Medicine and Surgery, College of 


Medicine, New York University, New York, N. Y. 
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was brought under control and he regained 
15 of the 45 pounds which he had lost. Three 
months after admission the fistulous tract was 
excised en bloc, intestinal continuity was rees- 
tablished and a temporary cecostomy was done. 
Postoperatively there was only moderate drain- 


TABLE I 
SUMMARY OF AVAILABLE DATA ON FLUID AND ELECTROLYTE 
BALANCE DURING IMMEDIATE POSTOPERATIVE PERIOD 


Intake Output 


Wangen- 
steen Urine 

Drainage cc. /day 

cc./day 


Sodium 
Chloride 
mEq. /day 


Parenteral Oral 
Fluids Fluids 
cce./day* | cc./dayt 


350 Unrecorded 
170 Unrecorded 
380 1,125 
340 900 
280 550 
415 1,100 
555 2,050 
280 1,850 
150 1,900 


* Includes whole blood, plasma, saline, dextrose in saline, dextrose in 
distilled water and amigen. 
T Includes milk, fruit juice and water. 


age (about 250 cc. per day) from the cecostomy 
tube. However, drainage from the intragastric 
suction ranged from 2 to 5 liters per day. 
(Table 1.) Parenteral replacement therapy is 
listed in Table 1. Apathy and drowsiness ap- 
peared and increased progressively from the 
second postoperative day, and by the sixth day 
most of the classical clinical and laboratory 
signs of alkalosis were present. 

Chemical determinations reported herein 
were performed by methods conventionally used 
in the study of acid-base disturbances. Hepa- 
rinized arterial blood was collected and handled 
anaerobically for all determinations. Values for 
(HCO;_) were calculated from the measured pH 
and total CO» content. Sodium and potassium 
were determined flame-photometrically. Con- 
centration of sodium (or potassium) per liter of 
erythrocytes, (Na*), was calculated from whole 
blood, (Nat)... and plasma (Nat), sodium 
concentrations by the formula: 


— (Nat),(I—Hematocrit) 
(Na*). = 


Hematocrit 


As can be seen from Table m the alkalosis 
initially was very severe and associated with 
high plasma (HCO;-) and low plasma (K‘*). 
There was a striking deficit in erythrocyte 
(K+) counterbalanced by an increased (Nat). 
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The Poo, calculated from the data was 60 mm. 
Hg, quite in keeping with the patient’s slow, 
shallow respiration. Electrocardiogram showed 
a prolonged Q-T interval. Renal function 
studies performed at the height of the alkalosis 
(Table m1) showed reduction in filtration rate. 
Despite this and the reduction of plasma (K*) 
the excretion rate of (K*) was high (about 50 
mEq./day). Notwithstanding the severe alka- 
losis and greatly elevated plasma (HCO;°), the 
urine was unequivocally acid. 

When the nature and extent of the disturb- 
ance of the electrolyte structure of the patient’s 
body fluids was appreciated, intragastric suction 
was discontinued. Therapy with intravenous 
potassium chloride was started. The first 
7.5 Gm. induced only a slight but significant 
rise in the plasma (K*), associated clinically 
with improvement in the patient’s state of con- 
sciousness. In the next thirty-six hours the 
patient received 10 Gm. of potassium chloride 
orally and 24 Gm. of ammonium chloride. On 
this regimen there was prompt clinical improve- 
ment and rapid reversion of the laboratory 
findings to normal. (Table 1.) Physiologically 
correct concentrations of potassium and bi- 
carbonate in plasma and of potassium and 
sodium in erythrocytes were restored seventy- 
two hours after the beginning of therapy. The 
patient’s subsequent course, without further 
therapy, was uneventful. 


COMMENTS 


Depletion of the total body K*, a feature 
of gastric alkalosis which has heretofore not 
been emphasized in the adult, was assumed 
to exist in this case on the basis of low 
plasma and erythrocyte (K*). Darrow?’ 
has shown that in the rat a reciprocal rela- 
tionship exists between the (Na*) and (K*) 
of muscle cells and that the latter varies 
inversely with the serum (HCO; While 
the data on erythrocyte cation composition, 
as computed by difference, are liable to 
large errors and are less useful than when 
in terms of concentration in cell water, the 
conclusion is probably valid that erythro- 
cyte Kt had been replaced by Na* at the 
height of the alkalosis. When the (HCO;—) 
returned to normal, the erythrocyte (K*) 
was restored. The relationship, therefore, 
between erythrocyte (Na*) and (Kt) and 


| 
opera- | 
tive 
3,000 
4,000 
6,500 
5,000 
3,000 | 1,260 
| 4000 | 4,500 
| 6,000 | 2,060 
| 2,000 3,560 
3,600 
| | 
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plasma (HCQ;-) in this patient was com- 
parable to that observed by Darrow in rat 
muscle and serum. 

The depletion of body potassium in an 
individual whose intake was essentially zero 
probably resulted from a combination of 
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severe metabolic alkalosis has been reported 
previously.*! We have not remeasured this 
patient’s inulin clearance. However, the 
variation in blood urea nitrogen levels 
rising from normal preoperatively to 45 mg. 
per cent on the fifth postoperative day, to 


TABLE II 
SUMMARY OF DATA ON BLOOD ELECTROLYTE COMPOSITION * 


Plasma 
Post- 


Erythrocyte 


operative 


Na* K* 
mEq./L. | mEgq./L. 


Day Time 


mM./L. 


Total 


| Hemato-| 
co, | crit | 
| Per Cent | 


9 P.M. 
10 A.M. 
10 a.m. 
10 A.M. 


138 
136 
137 


94 
100 


| 
56.6 4.8 40 | 
56.1 54.1 
34.1 
27.1 


29.9 40 


* Between 1 A.M. and 10 a.m. on the seventh postoperative day the patient received 7.5 Gm. of KCI parenterally. 


+ Expressed as per liter of erythrocytes. 
Pp y 


TABLE III 
SUMMARY OF RENAL FUNCTION STUDIES 


Total 
Concurrent 
Time 


Inulin 
Clearance 


Urine 
Flow 


Plasma 
K + 


Minutes ml. /min. ml./min. 


mEq./L 


| 


Excreted 


Titratable 


Acid 


NH,* 


wEq./min. pwEq./min. 


60 
0-17 
17-39 
39-56* 
56 
121-142 
142-163* 


> 
78 
66 


1.43 


76 


.09 66 


| 


| 
| 


Infusion started containing NaCl 143 mEq./L. at 6 ml./min. 


34 15 | 
16 | 


35 15 


leteien changed to NaCl 130 mEq./L. KCL 50 mEq./L. at 6 ml. /min. 


19 


35 
28 


* The data suggest that urine collections in these two periods were incomplete. 


loss of gastrointestinal secretions (containing 
an average of 7 mEq. /L. of K*)* and failure 
of the kidney to retain this ion in the face of 
severe depletion. The long antecedent 
period of diarrhea may have been a con- 
tributing factor as in the sprue syndrome. ?**° 

The inulin clearance was somewhat low. 
Temporary depression of filtration rate in 


* While this figure represents an average from the 
literature, it is noteworthy that gastric secretions have 
concentrations of K* averaging about 20 mEq./L. and 
ranging up to 30 mEq. /L.*%~*° 


55 mg. per cent on the sixth and back to 
28 mg. per cent on the seventh suggests that 
the observed azotemia was attributable, in 
part, to an acute depression of filtration rate. 

More serious renal damage manifested by 
prolonged elevation of the blood urea 
nitrogen, hypertension, marked oliguria or 
anuria, hematuria, proteinuria and cylin- 
druria have been frequently reported in 
association with the metabolic alkalosis 
induced by loss of gastrointestinal secretions 
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Cl Nat | K+ 
mEq./L. | mEq./L. | mEq./L. 
| | 
6 7.59 138 1.71 68 45 | 69 
7 7.55 2.04 
10 7.46 3.67 | 5 96 
| | 
| | 
pH 
1.80 2.00 39 5.90 
1.82 2.00 | 36 6.09 
1.78 7 6.00 
2.01 = | | 6.14 
2 6.10 


or by excessive intake of alkalies. !~5:9 18-32-35 
While in some instances pre-existing renal 
damage was known to have been present, in 
others renal function was quite normal 
before the episode of alkalosis. The damage 
usually proved reversible. In those patients 
who succumbed during alkalosis _histo- 
pathologic examination revealed lesions 
which were located predominantly in the 
tubular epithelium.” The latest avail- 
able necropsy protocol points out that the 
lesion is situated in the ascending portion 
of the distal convoluted tubule and bears a 
striking similarity to the picture occurring 
in the ‘‘crush” syndrome (‘“‘lower nephron 
nephrosis’’).*° 

The excretion of an acid urine by a 
patient with severe alkalosis is surprising. 
This observation has been made and com- 
mented upon in previous reports.* 1526-3439 
It has been noted in dogs*® and in normal 
men*™ that in alkalosis induced by adminis- 
tration of sodium bicarbonate the urine pH 
became alkaline whenever the plasma 
(HCO;") exceeded 25 mM./L. While no 
measurements of urinary CO: content were 
made in this patient, no more than a trace 
could have been present at the observed 
urinary pH. Yet this patient’s plasma 
(HCO;-) was in excess of 50 mM./L. 
Patients with nephritis require more alkali 
and higher plasma (HCO;-) to achieve an 
alkaline urine.*!~** The electrocardiograms 
taken showed no abnormalities except 
prolongation of the Q-T interval. Such 
prolongation is frequently observed in 
hypokalemia. 

From a therapeutic standpoint it seems 
obvious that potassium salts should be 
administered to adults with alkalosis when 
potassium depletion is also present. If oral 
administration is impractical, they may be 
given intravenously (in concentrations under 
75 mEq./L. to avoid local pain) or by 
hypodermoclysis. ‘The electrocardiogram is 
a valuable tool to indicate impending 
toxicity from overmedication with potas- 
sium salts due to its distinctive pattern in 
hyperkalemia. Several recent papers have 


JUNE, 1949 


Gastric Alkalosis with Hypokalemia—Kennedy et al. 793 


reviewed the distinctive electrocardiographic 
patterns, 


SUMMARY AND CONCLUSIONS 


A case of severe metabolic alkalosis is 
presented. Unusual findings to which atten- 
tion is called include a reduction of plasma 
(Kt); reduction of (K*) and elevation of 
(Nat) of erythrocytes; urinary pH of 6.0 
when the blood pH was 7.59, and reduction 
of glomerular filtration rate (inulin clear- 
ance). Therapy with potassium and ammo- 
nium chloride was followed by prompt 
clinical improvement and by rapid restora- 
tion to a normal plasma and erythrocyte 
electrolyte pattern. 


Acknowledgment: The authors gratefully ac- 
knowledge the helpful advice and criticism 
given them by Dr. Robert W. Berliner. 
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Cardiopulmonary Function Studies in a 
Patient with Ligation of the Left 
Pulmonary Artery’ 


CHARLES E. Row, M.D.,f Davin G. GREENE, M.D.,f AARON HIMMELSTEIN, M.D., 


GeorceE H. Humpureys i, M.D. and ELEANOR DEF. BALDWIN, M.D. 
New York, New York 


IGATION of a right or left pulmonary 
artery has been performed many 
times and it is well known that the 

involved lung does not become fibrotic or 
gangrenous as long as the bronchial artery 
is left intact.‘~* However, no report of 
physiologic studies under these circum- 
stances has appeared until recently when 
Janton et al.* published the results of 
bronchospirometric observations in a pa- 
tient who had been subjected to a ligation 
of the pulmonary artery. The present report 
is concerned with similar but more exten- 
sive observations, including studies of cardiac 
function in a patient following ligation of 
the main left pulmonary artery. 


CASE REPORT 


A twenty-three year old Italian-American 
girl entered the Presbyterian Hospital in 1945, 
with the typical history, physical signs and 
laboratory findings of a Streptococcus viridans 
subacute endarteritis superimposed on a patent 
ductus arteriosus. Significant points in her past 
were history of a heart murmur, moderate 
physical limitation in a cardiac class during 
school years and inability to obtain a job be- 
cause of the murmur. Her hospital course was 
complicated by bilateral pulmonary infarcts. No 
peripheral emboli were detected. Immediately 
following sterilization of her blood stream with 
parenteral penicillin, the patent ductus arterio- 
sus was ligated but not severed. 

Five months after a smooth postoperative 


recovery and discharge from the hospital, recur- 
rence of the machinery murmur which had 
disappeared following operation was noted. 
At this time several blood cultures revealed 
Staphylococcus citreus, and the patient was re- 
admitted to the hospital. Chest x-ray at this 
time disclosed enlargement of the left heart, 
dilatation of the pulmonary artery and increased 
vascular markings. (Fig. 1.) A pulmonary infarct 
in the left lower lobe was the only embolic 
phenomenon noted. After adequate penicillin 
therapy she underwent re-exploration. At 
operation an aneurysm communicating with 
both the aorta and the pulmonary artery was 
found at the site of the ductus arteriosus. In 
dissecting the aneurysm free from its attachment 
to the left pulmonary artery a tear occurred at 
the juncture of these two structures making it 
necessary to clamp and tie off the artery in 
order to control hemorrhage. The aneurysm was 
removed and the defects in the aorta and pul- 
monary artery were closed. The postoperative 
course was complicated by a left pleural effusion 
which subsided after a single thoracentesis, and 
by mild cardiac decompensation which re- 
sponded well to digitalis. 

At the present time, two years after the second 
operation, the patient is feeling well, has a 
normal exercise tolerance, and holds a full-time 
job as a sewing machine operator. Physical 
examination is entirely normal aside from a 
faint systolic murmur in the pulmonic area and 
a 4 cm. elevation of the left diaphragm. Fluoro- 
scopic examination of her chest is essentially 
normal except for limited motion of the high 
left diaphragm. Chest x-ray (Fig. 2) shows con- 


* From the Departments of Medicine and Surgery, College of Physicians and Surgeons, Columbia University, and 
the Cardio-Respiratory Laboratory of Presbyterian Hospital, New York, N. Y. 

t At present at 576 Farmington Ave., Hartford 5, Conn. 

t Fellow of the National Research Council in the Medical Sciences. 
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Fic. 1. X-ray taken before the second operation. 


siderable decrease in the size of the cardiac 
silhouette and in the prominence of the vascular 
markings in comparison with her preoperative 
film. 


METHODS OF STUDY 


Pulmonary function was studied by the 
methods previously described.* Vital ca- 
pacity and maximum breathing capacity 
were measured on a recording spirometer, 
the residual air and the index of intra- 
pulmonary mixing by the open circuit 
method. Pulmonary ventilation, pulmonary 
gas exchange and arterial oxygen saturation 
were determined during rest and_ the 
standard exercise test. The separate func- 
tion of each lung was studied simultaneously 
by means of the Zavod catheter. * Spiromet- 
ric tracings were recorded and three-minute 
samples of expired air for measurement of 
minute ventilation and gas analysis were 
collected concurrently from both the right 
and left lungs. 

Pressures were measured in the pulmo- 
nary artery and the chambers of the right 
heart by means of Hamilton manometers. 
The direct Fick method was employed to 
measure cardiac output.’ 


Fic. 2. X-ray taken two years postoperatively at the 
time of the physiologic studies. 


RESULTS 


Results of the pulmonary function study 
(Table 1) were within normal limits, except 
for hyperventilation and therefore a dimin- 
ished rate of oxygen removal, under all 
conditions of observation. As may be seen 
from Table 1 and spirographic tracings 
(Fig. 3) obtained from each lung during 
bronchospirometry, the left lung, although 
normally ventilated, consumed a negligible 
amount of oxygen. In addition there was a 
slight reduction of the vital capacity of the 
left lung. The carbon dioxide output was 
diminished to a lesser degree than oxygen 
consumption as determined by direct 
analyses of the expired air. When this lung 
was ventilated by pure nitrogen, no change 
was noted in the arterial oxygen saturation, 
which remained 94 per cent. Cardio- 
circulatory studies (Table m1) showed nor- 
mal pressures in the pulmonary artery and 
chambers of the right heart. The cardiac 
index was high. 


COMMENT 


While pulmonary function studies were 
essentially within predicted limits, broncho- 
spirometry revealed strikingly abnormal 
findings. The left lung, which has no 
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pulmonary arterial blood supply, is nor- 
mally ventilated but participates only 
slightly in pulmonary gas exchange. The 
studies of Janton et al.‘ in a similar case 
showed a diminished gas exchange in the 
affected left lung. They collected several 
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room air. They assumed that bronchial 
artery anastomoses with the pulmonary 
capillary bed could account for the oxygen 
and carbon dioxide values on the left side 
but found no available evidence to support 
this assumption. 


Ob- 


Normal 
served 


. Lung volumes in cc. 
Vital capacity 
Residual air 
Total capacity 
Residual air/total capacity 


> 
nn 


iy 


wn 


Ventilation in L./min./body 
surface m? 


Recovery first minute 
Recovery fifth minute 
Length of dyspnea in min- 


He He He 
omr 


. Index of intrapulmonary mix- 
ing (alveolar nitrogen per 
cent after 7 minutes oxygen 
breathing) 

Arterial blood 
Oxyhemoglobin saturation 
per Cent ret... Gt 
Oxyhemoglobin saturatio 
per cent recovery first min- 
96 +2 
. Oxygen consumption in cc./ 
min./body surface m? 

126 +2 

463 + 76 

Rate of oxygen removal in cc. / 
L. of ventilation 

Standard exercise 60.2 46.0 


pairs of gas samples from the lungs func- 
tionally separated at the end of forced 
expirations. The samples from the left lung 
contained an average of 19.14 per cent of 
oxygen and 3.74 per cent of carbon dioxide. 
Since their catheter was sealed in place 
only during actual sampling, they postulated 
mixing of right and left lung air between 
periods of gas collection as the explanation 
for the observed difference between the gas 
content of the left lung samples and that of 
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Fic. 3. Spirographic tracings of each lung. The vital 
capacity determination is to the right, the oxygen 
consumption and ventilation to the left. 


In our studies the tip of the bronchial 
catheter was sealed in the left main bronchus 
throughout the procedure, eliminating mix- 
ing of air between the two lungs as the 
source of appreciable carbon dioxide out- 
put. Thus bronchial artery anastomoses 
with the pulmonary capillary bed could be 
shown to provide a reasonable explanation 
for the gas exchange observed in the left 
lung. This hypothesis most readily explains 
the fact that carbon dioxide output is 
greater than oxygen consumption. Since, as 
is well known, the carbon dioxide dissocia- 
tion curve becomes steeper as the carbon 
dioxide tension becomes lower, a small 
gradient in carbon dioxide tension between 
the alveoli and pulmonary capillaries will 
result in a relatively large change in carbon 
dioxide volume. Consequently, even though 
the left lung was perfused entirely with 
arterial blood, an appreciable carbon di- 
oxide output was observed. On the other 
hand, it is difficult for arterial blood to take 
up additional oxygen since the oxygen 
dissociation curve becomes flatter as higher 


I | SS 
u. Maximum breathing capacity —<— 
in L./min.............| = 83 
4.9 5.9 
Il 
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oxygen tensions are reached, requiring a 
high alveolocapillary gradient to add a 
small increment of oxygen to blood which is 
already almost fully saturated. 

Simple diffusion through bronchiole walls 
is an alternative explanation for gas ex- 


TABLE I 
RESULTS OF BRONCHOSPIROMETRY 


| Left Lung Per Cent 
of Total Function 


| 


| Observed 


Ventilation | 37 
Vital capacity.... 30 
Carbon dioxide output 24 


change in the left lung. Since carbon 
dioxide diffuses much more readily through 
tissues than oxygen, a disproportion in 
carbon dioxide and oxygen exchange would 
be anticipated. However, it seems highly 
unlikely that the latter mechanism could 
account for the relatively large amount of 
gas exchange observed in this patient. 

The only abnormality observed in the 
pulmonary function study was hyperventila- 
tion associated with a decreased rate of 
oxygen removal at rest, during exercise and 
in the postexercise recovery period. In this 
respect our patient resembles a group of 
patients who had large air cysts which were 
poorly perfused with blood, yet were well 
ventilated by virtue of free communication 
with the tracheobronchial tree. *® 


SUMMARY 


A case is reported in which cardio- 
pulmonary function studies were performed 
on a patient two years after the left pul- 
monary artery was ligated. Cardiac cathe- 
terization revealed normal pressures in the 
pulmonary artery as well as in the chambers 
of the right side of the heart. The results of 


pulmonary function tests were almost com- 
pletely within normal limits. The only 
abnormalities found were a slight increase 
in cardiac index and hyperventilation under 
all conditions of observation. However, 
bronchospirometry disclosed a marked 


TABLE II 
RESULTS OF CARDIOCIRCULATORY STUDIES 


Normal Observed 


Pressures in mm. of mercury 
Pulmonary artery, systolic. . . <30 
Right ventricle, systolic... . .| <30 
Right auricle, mean........ <4 

Cardiac index at rest 

(cardiac output, 
L./min./b.s. m2) . 


(3.05 +0.6] 4.23 


limitation of gas exchange in the left lung, 
with carbon dioxide output limited to a 
lesser degree than oxygen consumption. 
These findings are consistent with the 
assumption that anastomoses from _ the 
bronchial artery result in a considerable 
blood flow through the pulmonary capillary 


bed of the left lung. 
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Syphilis. Its Course and Management. By Evan W. 
Thomas, M.p., 317 pages. New York, 1949. The Mac- 
Millan Co. 


Dr. Thomas, who as visiting physician 
to the Bellevue Hospital and director of the 
Rapid Treatment Center there holds an 
authoritative position in his field, has writ- 
ten this book chiefly “to give busy indi- 
viduals a practical understanding of the 
principles underlying the modern diagnosis 
and treatment of syphilis.” The text ac- 
cordingly is concisely organized, explicit 
in the details of diagnosis and treatment 
and full of illustrative case material. The 
point of view is wholly oriented toward the 
modern era of penicillin therapy, based 
upon an experience at the Rapid Treatment 
Cenier of 12,000 patients treated with 
penicillin in various dosage schedules. 

Of the sixteen chapters three deal with 
etiology, immunology and the clinical 
course of the untreated disease; one is 
reserved for a discussion of quantitative 
serologic tests for syphilis; one (by Dr. T. 
J. Bauer of the U.S.P.H.S.) on public 
health aspects; one (and a short one at that) 
on iodides, bismuth, arsenicals and fever 
therapy, and the remainder cover the 
problems of early infectious syphilis, latent 
syphilis, late benign syphilis, cardiovascular 
syphilis, neurosyphilis, syphilis and preg- 
nancy and congenital syphilis and their 
treatment with penicillin. Treatment sched- 
ules in current use are stated clearly but 
their provisional nature is stressed. 

The exposition is in simple, direct style, 
the type is clear and well spaced, making 
for easy readability. The whole constitutes 
a comprehensible and up-to-date volume 
suited to the needs not only of the specialist 
but also of the student and general practi- 
tioner whose responsibility for diagnosis 
and treatment of syphilis is greater in the 
antibiotic age than ever before. 

A.B.G. | 

Understandable Psychiatry. By Leland E. Hinsie, 
M.D., 359 pages. New York, 1948. The Macmillan 
Company. 

The title of Dr. Hinsie’s book is self- 
explanatory as to what he set out to 
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accomplish. His clear, delightful style of 
presentation has made a difficult subject 
“understandable” both to the medical 
profession and to the public. The material is 
well organized, modern and_ psycho-ana- 
lytically oriented. The book should go a 
long way in taking the stigma out of 
psychiatry and psychiatric therapy. In 
Dr. Hinsie’s attempt to simplify his subject 


‘matter he may have erred slightly on over- 


simplification, in that he symbolizes emo- 
tions, fears and anxieties a little too 
concretely. However, Dr. Hinsie has ac- 
complished what he set out to do in a most 
pleasing manner. 

S.M.D. 


Coronary Heart Disease. By A. Carlton Ernstene, 
M.D., 86 pages. Springfield, Ill., 1948. Charles C. ‘Thomas. 
Price $2.50. 


Dr. A. Carlton Ernstene of the Cleveland 
Clinic has written a concise, lucid com- 
pendium of the problem and management 
of the various aspects of heart disease due to 
derangement of the coronary artery circula- 
tion. His division of the subject into its 
various clinical manifestations is a useful 
one. Such a division inevitably results in a 
certain amount of overlapping since the 
underlying disorder is essentially the same. 
That he has adroitly avoided repetition is 
evident from the fact that the entire book, 
exclusive of bibliography, consists of only 
eighty-six pages. It should prove of interest 
and value to student and practitioner alike. 

J.B. 


The Renal Origin of Hypertension.* Harry Gold- 
blatt, M.p., 126 pages. Springfield, Ill., 1948. Charles C. 
Thomas. Price $2.75. 


To Dr. Harry Goldblatt belongs the 
credit for proving that the kidney plays an 
important role in hypertension and for 
developing a successful method of producing 
this condition experimentally. His name 
has always been associated with carefully 
executed studies that have been amply 


confirmed. 
Now, in monograph form, he has sum- 


* Publication No. 14. In the American Lecture Series 
A Monograph in American Lectures of Pathology. 
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marized his investigations of the past two 
decades. These deal principally with the 
production of experimental renal hyper- 
tension by various means, the pathologic 
changes and mechanisms involved, the 
humoral mediators which participate and a 
brief summary of the similarities and differ- 
ences between the experimental disease 
and its human equivalents. 

Today there remain many _ unsolved 
problems concerning the part played by the 
kidney in hypertensive vascular disease and, 
indeed, serious doubts as to the function of 
renin and hypertensin as the humoral 
agents involved. There are no reservations 
about the major contributions of Dr. Gold- 
blatt and the advance they have made to 
our knowledge. Lucidly written and attrac- 
tively published, this volume is designed for 
those ‘‘whose interest is not sufficient to 
induce them to read the original papers or 
who do not have the time to devote to the 
reading of books on this subject.” For this 
purpose it is an admirable addition to the 
many texts which have appeared on this 


important subject. 


General Endocrinology. By C. Donnell Turner, 
PH.D., 604 pages, Philadelphia, 1948. W. B. Saunders Co. 


This textbook is designed primarily for 
college students with advanced biologic 
training although an effort is made to 
introduce correlations with clinical disease 
whenever possible. There is much in the 
way of fundamental information for the 
practitioner who wishes to acquire an 
anatomic and physiologic background. Un- 
fortunately, the text suffers from the usual 
difficulty of being somewhat behind the 


times; as for example, in the discussion of 
antithyroid drugs and their mechanism of 
action and in the omission of the more recent 
work with purified pituitary hormones. 

On the whole, the book makes good 
reading but is not to be taken as a clinical 
text. 

S.C.W. 

Festschrift zum 80 Geburtstag Max Neuberger’s. 
Vol. u, Wiener Beitraige zur Geschichte der Medizin. 


Edited by Dr. Emanuel Berghoff. pp. 491. Vienna, 1948. 
Wilhelm Maudrich. Price $10.00. 


This welcome volume is dedicated to 
Professor Max Neuberger, founder and 
head of the Vienna Institute for the History 
of Medicine and foremost medical historian 
of the day, upon the occasion of his eightieth 
birthday, December 8, 1948. The Fest- 
schrift is a collection of ninety-one essays on 
varied subjects of historical interest con- 
tributed by admirers, friends and former 
students, each choosing a topic of personal 
interest and writing in his own language. 
About one-third are in English, the re- 
mainder are chiefly in German and French. 
There are many quaint and _ interesting 
illustrations. 

The essays are brief, some almost casual. 
Several deal with the etymology of certain 
medical terms, some with interesting medi- 
cal personalities, places or manuscripts, 
some with episodes in the formulation of 
specialities, a few enter into philosophic 
considerations of historical development. 
All are interesting and enlightening, a 
tribute to Professor Neuberger’s inspiration 
and influence. Even those who have no 
special interest in historical medicine will en- 


joy this volume for browsing and relaxation. 


A.B.G. 
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MIGRAINE 


1ST EFFECTIVE 


ral TREATMENT 


F MIGRAINE ATTACK 


Sandoz proudly announces the first effective oral treatment of migraine— 
Clinical investigation! demonstrated that 80% of a series 
of cases experienced good results. Best results were obtained in 
migraine, histamine and tension headaches. 
Friedman,” in a large series of migraine cases, found Cafergone 
55% more effective than ergotamine tartrate alone. 


Later reports®:* were equally favorable. 
1. Horton, B.T., Ryan, R. E. & Reynolds, J. L., Proc. Staff Meet. Mayo Clinic, 
23:105, Mar. 3, 1948. 
2. Friedman, A. P., N. Y. State Jl. of Med. (in press). 
3. Ryan, R. E., Postgraduate Medicine (in press). 
4. Hansel, F. K., Annals of Allergy (in press). 


ron 


(ergotamine tartrate 1 mg.; caffeine 100 mg.) 
(Experimentally identified as E.C. 110) 


SANDOZ PHARMACEUTICALS 
Originality + Elegance * Perfection | Division of SANDOZ CHEMICAL WORKS, INC. 
NEW YORK 14, N.Y.eCHICAGO 6, FRANCISCO 8, CAL. 


PR 
~ 


for RELIEF of 


constipation 


without 


catharsis 
Won 


L. acidophilus in refined mineral oil jelly, chocolate 
Align) flavored—restores normal intestinal flora and normal 
colonic function without griping, flatulence, diarrheic 
movements—gently lubricates without leakage. Jars 


THE ARLINGTON containing 6 oz. 
CHEMICAL COMPANY 


YONKERS 1, NEW YORK 


Back Issues Wanted 


(In good condition) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay 


$1.00 per copy for the following issues: 


August 1946 March 1947 
September 1946 April 1947 
October 1946 June 1947 
November 1946 January 1948 
January 1947 February 1948 
February 1947 July 1948 


Send to 


THE YORKE PUBLISHING COMPANY, Inc. 
49 West 45th Street New York 19, N. Y. 
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Your acne patient 
cooperates 


when you prescribe Acnomel... 


Because: ACNOMEL is delicately flesh-tinted. It effectively 
masks the blemishes and blotches of acne—yet 
is virtually invisible after application. 


ACNOMEL ordinarily brings definite improvement 
—not in months or weeks, but ina matter of days. 
Thus, the use of ACNOMEL changes the acne 
patient’s typically defeatist attitude toward treat- 
ment. Encouraged, he will faithfully follow the 
regimen you prescribe and apply ACNOMEL reg- 
ularly, as you direct. 


Available, on prescription only, in specially-lined 1! oz. tubes. 


Smith, Kline & French Laboratories, Philadelphia 


Acnomel 


a significant advance, clinical and cosmetic, 


in acne therapy 
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The “cure of [rheumatic fever ]”, agree most 
authoritative sources,” “depends not only on 
reaching, but also on maintaining a high plasma 
salicylate level.”°® The correlation between 

such blood levels and symptomatic improvement 
is graphically shown in the table at the right.® 

Pabalate—latest product of Robins’ research 
—now helps to achieve and maintain higher 
salicylate blood levels on lower salicylate dosage. 

This is made possible by the combination in 
Pabalate of non-toxic para-aminobenzoic acid 
with sodium salicylate. As visualized in the chart 
at the lower right,* para-aminobenzoic acid 
(itself an active antirheumatic)‘ manifests.a 
reciprocal action with salicylates when 
administered concurrently—sharply increasing 
the blood salicylate levels (under constant 
salicylate dosage) ,"* and in turn having its 
own blood levels effectively enhanced.‘ 

The clinical significance of this synergistic 
relationship represents an important advantage 
in the therapy of arthritic affections. Pabalate 
‘Robins’—a strictly ethical preparation— 
is available at (or may be secured by) 
all leading pharmacies. 

A. H. ROBINS CO., INC., RICHMOND 20, VA. 


Ethical Pharmaceuticals of Merit since 1878 


indications: Rheumatoid arthritis; acute rheumatic fever ; 
fibrositis ; gout ; osteo-arthritis. 


dosage: Two or three enteric coated tablets 
every three or four hours, without sodium bicarbonate. 


formula: Each enteric coated tablet contains: 
Sodium salicylate, U.S.P. (5 gr.), 0.3 Gm.; 


Para-aminobenzoic acid (as sodium salt), (5 gr.), 0.3 Gm. 
supplied: In bottles of 100 and 500 enteric coated tablets. 


For high salicylate blood levels 
on low salicylate dosage— 


Pabalat 


Pabalate tablets are enteric coated 
to prevent gastric irritation and 
insure optimal toleration, 


Salicylate blood level Erythrocyte 


(in mg. per 100 cc sedimentation rate 


less than 20 mg 


slow fall 


| RETURN TO NORMAL; a 
30-40 mg CLINICAL SYMPTOMS 


SUBSIDE » 


AN IMPORTANT NEW MILESTONE 
3 
in the Therapy of Arthritic Affections 
| 
mame 
no fall 
~ 
| 
20-30 mg | 
| j 
| | 
== ® 
PABALATE e 
Yj, 


Sedimentation 


Rate \ 


Salicylate 
blood level 


\ 


Mg. per cent 
+ 
22m. per hour 


fara-aminobenzoic 
acid blood level 


Belisle, M.: Union Med. Can., 
77:392, 1948. 

Brodie, B. B. et al.: J. Pharmacol. 
and Exper. Therap., 80:114, 1944. 
Coburn, A. F.: Bull. Johns Hopkins 
Hosp., 73:435, 1943, o- The addition of para-aminobenzoic acid | 

Dry, T. J. etal.: Proc. Staff Y to a constant dose of salicylate (10 Gm. 

Meetings Mayo Clin., 21:497, 1946. daily) produces a distinctly correspond- | Para-aminobenzoic acid 
Editorial: J.A.M.A., 138:367, 1948. f ing, sharp rise in blood salicylate levels®. | administered 24 gm. daily 


Rosenblum, H. and Fraser, L. E.: 3 15 7 19 29. 31 
Proc. Soc. Exper. Biol. and Med. ee Days 


65:178, 1947. 
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WITH THESE CRITERIA IN MIND... 


IN HYPERTENSION 


Accompanying the fall in blood 
pressure “there should be defi- 
nite clinical indications of arrest 
or preferably reversal of the 
disease, such as symptomatic 
relief, a reduction in the cardiac 
size, clearing of nevroretinitis 
and/or other evidences of gen- 


eral improvement.”"' 


Vertavis’ 


“Of all the drugs used to lower blood pressure in essential hypertension, veratrum 
viride (VERTAVIS) has produced the most marked reduction of blood pressure in 
the greatest number of patients.””! 


The hypotensive response to VERTAVIS “was usually accompanied by symptomatic 
relief .. . more objective signs of improvement were evidenced by a diminution in 
cardiac size, occasional reversal of the left ventricular strain patterns in the elec- 
trocardiogram and clearing of hemorrhages and exudates in the optic fundi.’”! 


VERTAVIS was found to be a useful therapeutic agent in the treatment of patients 
with (a) “hypertensive crisis,’ (b) severe, long-standing hypertensive disease which 
proved resistant to other forms of treatment, and (c) hypertension complicated by 
cardiac failure. 2 


VERTAVIS in tablet form contains veratrum viride as the whole-powdered drug, selected 
and collected under rigid controls, and biologically assayed in CRAW UNITS—an 
Irwin-Neisler research development. 


Supplied: Vertavis 10 Craw Units; Vertavis with Phenobarbital; Vertavis 5 Craw Units. 
In bottles of 100, 500, 1000. 


1. Freis, E. D.: Med. Clin. N. Am. 32:1247-1258, 1948. 
2. Freis, E. D., and Stanton, J. R.: Am. Heart J. 36:723-738, 1948. 


NOTE: Illustrated brochure on clinical findings, indications and administration of VERTAVIS 
in severe hypertension sent on request. 


IRWIN, NEISLER & CO. 5; DECATUR, ILLINOIS 
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In the achievement and maintenance of 
optimal health, no other single influ- 
ence looms so vital as sound nutrition. 
In fact, so important is this principle to 
preventive medicine that optimal nutri- 
tion has become the basis of all modern 
day health programs. 

When nutritional health is threat- 
ened, as in dietary restrictions often 
imposed by disease, or during conva- 
lescence, or when the nutrient intake 
is insufficient because of other reasons, 
the multiple dietary supplement Ovaltine 


SO VITAL FOR OPTIMAL HEALTH 


in milk is especially useful for over- 
coming nutrient deficiencies of the diet. 

Three glassfuls daily may readily 
supplement even poor diets to ade- 
quacy. Easy digestibility makes its 
many valuable nutrients—vitamins, 
minerals, biologically complete protein, 
and food energy—quickly available. 
The pleasing flavor adds to its wide 
applicability and usefulness. 

The table below gives the amounts 
of nutrients in three glassfuls of Oval- 
tine in milk. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


676 
CARBOHYDRATE 65 Gm. 
PHOSPHORUS ..... 0.94 Gm. 


Three servings daily of Ovaltine, each made of 
Yo oz. of Ovaltine and 8 oz. of whole milk,* provide: 


*Based on average reported values for milk. 
Two kinds, Plain and Chocolate Flavored. Serving for 
serving, they are virtually identical in nutritional content. 


3000 1.U 
VITAMIN 1.16 mg. 
RIBOFLAVIN’. 2.0 mg. 
6.8 mg. 
30.0 mg. 
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an effective 
new preventive 


for motion suckness 


Mosidal is a drug in tablet form 

offered for the prevention and treatment 
of nausea caused by the motion 

of automobiles, airplanes and ships. 
Protection continues for 15 to 18 

hours after treatment without 
undesirable side-effects. 

The drug is 
barbituric acid which acts as a 
depressant against the nerve centers 
concerned with vomiting. 

Wartime studies sevealed that this drug 
exerts a protective and therapeutic 
action against motion sickness, 
affording protection or improvement 

in 78 percent of the test cases.* 

One Mosidal tablet (0.15 Gm.) 
taken immediately after the morning 
and evening meals is the suggested 
dosage. In this dosage the drug 
has very little depressant effect. 
Treatment should not be continued for 
more than five consecutive days. 

Small, easy-to-swallow Mosidal tablets 
are now available at your pharmacy— 
on prescription only—in bottles 
of 25 and 100. Write for 
professional literature. 

Abbott Laboratories, North Chicago, III; 


Most? (Methallatal, Abbott) 


*Noble, R. L. (1946), Treatment of 
Experimental Motion Sickness in Humans, 
Canadian J. Research, Section E, 24:10. 
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Write to Box 24 


The American Journal 
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at the G-I level 


With so many arthritics exhibiting 
evidences of constipation and 
hypofunction of: the gallbladder, 
liver and kidneys—it is today 
generally conceded that “proper 
handling of the gastro-intestinal tract 
... may in some cases be the most 
important factor in successful 
management.”* The Occy-Crystine 
formula is frequently used with 
benefit — to provide effective, 
non-irritant cathartic and cholagogic 
action; it is also sulfur-bearing. 
Composition: Occy-Crystine is a 
hypertonic solution of pH 8.4, made up 

of the following active ingredients— 
sodium thiosulfate and magnesium sulfate, 
to which the sulfates of potassium 


and calcium are added in small amounts, 
contributing to the maintenance of solubility. 


*Nuzum, F. R.: In Diseases of the Digestive System, 
ed. by S. A. Portis, Lea & Febiger, 1944. 


OCCY-CRYSTINE LABORATORY 


Salisbury, Connecticut 


occy- 
crystine 


the sulfur-bearing saline eliminant 
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OPTIMUM PROTECTION 
IN ONE PACKAGE... 


The experience of competent clinicians clearly establishes that 
optimum protection is afforded the patient by the combined use 
of an occlusive diaphragm and a spermatocidal jelly. 


By specifying the 


PRESCRIPTION PACKET NO. 501 
the physician provides optimum protection in one convenient 
package. 

COMPLETE LITERATURE ON REQUEST 

““RAMSES'** Prescription Packet No. 501 . . . Contains a 
‘““RAMSES"’ Flexible Cushioned Diaphragm of the prescribed 
size, a ““RAMSES"’ Diaphragm Introducer of corresponding size, 
and a tube of ‘“‘RAMSES"’ Vaginal Jelly. 
““RAMSES" Vaginal Jelly is accepted by the Council on Phar- 
macy and Chemistry of the American Medica! Association. The 
““RAMSES” Diaphragm and Diaphragm Introducer are accepted 
by the Council on Physical Medicine of the American Medical 
Association. 


gynecological division 

JULIUS SCHMID, INC. 

423 West 55th Street, New York 19, N. Y. 
quality first since 1883 


Julius Schmid,Inc. 
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CLINICAL STUDIES SHOW: 


“Occurrence of withdrawal bleeding is relatively infre- 


quent following the use of dienestrol.” 


Finkler, R. S. and Becker, S.: Dienestrol: A New Synthetic Estrogen, 
J.A.M.A., 1:152 (Aug.) 1946, 


“Dienestrol-was very well tolerated by all menopausal 


patients.” 


Rakoff, A. E., Paschkis, K. E. and Cantarow, A.: A Clinical Evaluation 
of Dienestrol, A Synthetic Estrogen, J. Clin. Endocrinol., 7:688 (Oct.) 
1947. 


“This low incidence of nausea [1.3 per cent] is... in 
contrast with that encountered during treatment with 


other synthetic estrogens.” 


Finkler, R. S. and Becker, S.: “A Preliminary Evaluation of Dienestrol 
in the Menopause, Am. J. Obst. & Gynec., 53:513 (Mar.) 1947. 


“Clinical trials...indicate that doses of 0.2 to 0.5 mg. 


daily are adequate, dependable and tolerated . . .” 


Sikkema, S. H. and Sevringhaus, E. L.: Dienestrol: Another Synthetic 
Estrogen of Clinical Value, Am. J. Med., 2:251 (Mar.) 1947. 


DIENESTROL 


Sy ndrom 
Well tolerated 
Low recommended dosage 
: Dienestrol Tablets —0.1 mg. and 0.5 mg. — bottles of 100. 
Onn f “Aqueous Suspension of Dienestrol—5 mg. per cc., 10 ce. vials. ee 
WHITE LABORATORIES, Inc., Pharmaceutical Manufacturers, Newark.7, N. J. 5; | ‘ ae 


DELICIOUS 


FOR MANY USES IN 
THERAPEUTICS 


Candy, widely used empirically in medical practice by 
the ancient physicians, is employed therapeutically 
today in its many forms on a sound rational basis. 


Hard dextrose candies, providing concentrated carbo- 
hydrate food energy, are particularly useful as a source 
of carbohydrate in the treatment of liver and other 
diseases. Medicated candy is widely employed in oral 
and respiratory infections, and is especially applicable 
for administering distasteful drugs to both children 
and adults. Candies, appealing in taste, cheer the con- 
valescent patient, thus encourage a more favorable 
outlook by a direct psychosomatic approach. 

Many candies also contain milk, cream, butter, eggs, 
nuts and peanuts —all valuable food ingredients. Such 
candies, to the extent they provide these component 
foods, supply biologically desirable protein, vitamins 
and minerals. 

Candy in moderation is wholesome food in the ade- 
quate diet of both children and adults. 
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THE NUTRITIONAL PLATFORM oF CANDY 
4, Candies in genera! supply high caloric valve 4. Candies ore of high satiety eote® aftet 
in small bulk. meals, they contribute to the sense of satisfaction 
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Patient 


Prompt and effective relief from distressing 
symptoms of urinary tract infection such as 
urinary frequency, and pain and burning on 
urination, can be achieved in a high per- 
centage of patients through the action of 
orally administered Pyridium. 

With this safe, easily administered urinary 
analgesic, physicians can provide their pa- 
tients with almost immediate relief from 


PYRIDIUM’ 


(Brand of Phenylazo-diamino-pyridine HC]1) 
MERCK & CO., Inc. 


Manufacluring Chemists 


In Canada: MERCK & CO. Limited Montreal, Que. 


RAHWAY, N. J. 


under Treatment 


for Urinary Tract Infection 


MEANTIME ENJOYS 


from distressing 


SYMPTOMS 


symptoms during the time that specific ther- 
apeutic measures are directed toward cor- 
recting the pathologic condition. 

Pyridium is virtually nontoxic in thera- 
peutic dosage and can be administered con- 
comitantly with streptomycin, penicillin, the 
sulfonamides, or other specific therapy. 

The complete story of Pyridium and its 
clinical uses is available on request. 
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the Pyridium Corporation for 
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PRECALCIN 


PREGNANCY 


PRECALCIN 


MAINTAIN THE PATIENT’S 
VITAMIN-MINERAL BALANCE 


PHOSPHA 
PRECALCIN supplies all of the essential vitamins a , 


(From 


Ous, 
in association with readily assimilable calcium, ater 


THIAMINE Hoy 


phosphorus, and iron in an easy-to-swallow, colorful + 200 
ung 


gelatin capsule (dry powder “‘fill’’). 
“FLUORINE 45.00 mg. 
Although they supply ample amounts of Vitamins A ; sae With 
U; 
and D, PRECALCIN* Capsules are entirely free of fishy 
taste or odor. They are acceptable even to the most 


fastidious patient. 


PRECALCIN is offered for use under the guidance of the 
physician only. It is never advertised to consumers. 


PRECALCIN is supplied in bottles of 100 capsules and is available to patients through 
all prescription pharmacies. 


Samples and literature to physicians on request. *Exelusive trademark of Walker Vitamin Products, Inc. 


Yather VITAMIN PRODUCTS, INC., MOUNT VERNON, N.Y. 
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PRINTED U.S.A w 
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